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Current Statistical Data Covering 100 





APRIL AND MAY 1939 
APRIL MAY 
SOURCE OF ENERGY 
Kilowatthours Generated (Net) x gE 
By Fuel Burning Plants........... 5 333,396,000 5,939,218.000 
Se a en ae 4,025 331,000 3 783,277,000 
| Cee eae Car re 9,358,727 ,000 722,495,000 
Net Purchases 
| From “Other Sources’............. 305,904,000 312,492,000 
Net International Imports......... 93,013,000 113,498,000 
Total Purchased Power... . 398,917,000 425,990,000 
Total Input....... 57,644,000 10,148,485,000 
DISPOSAL OF ENERGY 
Total Sales to Ultimate Customers... 8,240,417,000 8,282,497,000 
Company Use, Etc. 
Used in Electric Railway Department. . . 27,516,000 25,446,000 
Used in Electric and Other Departments. . 152,314,000 138,944,000 
Furnished Free or Exchanged in Kind... 5,572,000 4,996,000 
Total Company Use, Etc............ 185,402,000 169,386,000 
Total Energy Accounted For........... 8,425,819,000 8,451,883,000 
Losses and Unaccounted For............. 1,331,825 ,000 1,696,602,000 
Total Output (To Check Above “‘Input’’) 9,757,644,000 10,148,485,000 
CLASSIFICATION OF KILO- 
WATTHOUR SALES 
Residential or Doriestic........... 1,699,901 ,000 1,604,291,000 
Rural (Distinct Rural Rates Only). . Allocated to) (Allocated to 
Commercial and Industrial 
Small Light and Power (Retail). 1,594,312,000 1,564,010,000 
Large Light and Power (W holesale). 4.109,280,000 4,302,902,000 
Public Street and Highway Lighting. 133.505.000 121,204,000 
Other Public Authorities........ 192,137,000 193,299 000 
Street and Interurban Railways...... 322,060,000 311,079,000 
| Electrified Steam Railroads.... 150,618,000 149,468 000 
| Ce 38,604,000 36,244,000 
Sales to Ultimate Customers 8,240,417,060 8,282,497,000 
| ESTIMATED REVENUE 
Revenue from Ultimate Customers... . . $183,833 ,200 $180.782.500 
Other Electric Revenue.............. 2,154,100 2,329,000 
"EORGS TROWONNE. 2. 6c ck. $185,987 ,300 $183,111,500 
RESIDENTIAL OR DOMESTIC 
ELECTRIC SERVICE—12 MTHS. 
ENDED 
(April 30th) (May 3lst) 
Kilowatthours per Customer. 870 874 
Average Annual Bill........ ove erce sy $36.28 $36.36 
Revenue per Kilowatthour...........*... 4.17¢ 4.16¢ 
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Lexington Ave., New York, N. Y. Subscription rate $2.00 per year in the United States: $3.00 per year in foreign countries. 
The Edison Electric Institute does not assume responsibility for, nor necessarily endorse or approve, statements made by contributors to the BULLETIN. 
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The First 100 Days of the Electric Utilities 
Exhibits at the New York World’s Fair 


6,000,000 Visitors to Forward March of America and The Electrified Farm 


HEN the New York World’s 
Wi opened its gates on the 

30th of April, 1939, the electric 
utility industry, through Electric Util- 
ities Exhibit Corporation, presented two 
separate exhibits to the public. 

One was designed to give visitors an 
understanding of the utilities’ public ser- 
vice objectives and their contributions 
to present-day living. The other was 
planned to show farmers the many ways 
in which electricity will serve them with 
profit. 

With the Fair approximately half 
over, the opportunity is afforded to check 
results and discover how well these ex- 
hibits are succeeding in accomplishing the 
purposes for which they were intended. 
It is possible today to gain a very satis- 
factory view of what has happened so 
far and to draw what should be fairly 
accurate conclusions as to what the re- 
maining three months of the Fair should 
accomplish for the utility companies 
which backed these exhibits and for the 
industry as a whole. 


The daily press has had much to say 
recently about “poor attendance” at the 
Fair. This is undoubtedly true in com- 
parison ‘with standards necessary for 
profitable operation determined by the 
Fair management in advance of opening. 
But so far as the Electric Utilities Ex- 
hibits are concerned, attendance has not 
only been excellent from the numerical 
point of view but from the qualitative 
aspect as well. The Exhibits manage- 
ment has no fault to find with its atten- 
dance. 


By Gardner Boyd 


Edison Electric Institute 


To August 15, the cumulative total of 
visitors to the main exhibit—Forward 
March of America—was 3,125,022. 
This count was made by guards at the 
entrance to the exhibit, taking the crowds 
as they entered. The figure amounts to 
between 25 and 30 per cent of all paid 
admissions to the Fair during the hours 
when Forward March of America is 
open. 


It has not been possible to make a con- 
tinuous count of visitors to the Electri- 
fied Farm. However, spot checks have 
been made frequently, and these checks 
compared with attendance at Forward 
March of America for the same periods. 
It appears from these comparisons that 
the Farm draws regularly from 75 to 80 
per cent as much attendance as Forward 
March of America, and that the total 
attendance at the two exhibits, up td Au- 
gust 15, has been approximately 6,000,- 
000. 

This is a large audience for the utility 
story. Certainly millions of people under- 
stand it better today than they ever did 
before. Furthermore, these people repre- 
sent the entire country. An examination 
of names of those who have registered at 
one or the other of the two exhibits shows 
that every state in the United States has 
been represented. Visitors from South 
America, Australia, Europe, Africa and 
the Far East have all seen these exhibits 
and are taking back home with them the 
story of what the American electric util- 
ity industry is doing to contribute to this 
country’s welfare and progress. 

At the Farm is an Information Booth to 


Page 377 


which many visitors turn. Primarily 
they want to find out more about the 
various appliances and pieces of electrical 
equipment demonstrated at the Farm. 
In order that they may be fully served 
they are asked to fill out cards giving 
their name and home address, the appli- 
ances on which they want information, 
and the name of the electric utility com- 
pany which serves them. Many thou- 
sands of these cards have been filled out. 
The information on the cards is prompt- 
ly forwarded to the manufacturers and 
others who contributed material and 
equipment used on the farm and to the 
utility companies serving the inquirers 
named. 


At Forward March of America is the 
Personal Service Bureau, staffed not only 
to answer questions but to provide a ser- 
vice which will actually be personalized 
to meet the most varied individual needs. 
Here requests are received for the spe- 
cial souvenir booklet which Electric Util- 
ities Exhibit Corporation ‘has published 
—and these requests, too, are made by 
filling out a special card giving name, 
home address and the name of the local 
electric company. To August 15, more 
than 75,000 of these cards have been 
filled out, and these, too, are being for- 
warded to the individual companies 
whose names they bear. 

The Personal Service Bureau also ar- 
ranges personalized tours at the fair- 
grounds. These tours consist of a splen- 
did map of the Fair on which a special 
route is marked out to cover those points 
in which the visitor is especially inter- 
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Photo by Damora in U. S. Camera, 1939 


Among numerous pictures of the New York World’s Fair, published in its World’s Fair issue, 
U. S. Camera, 1939, selected seven for special display. Two of these were shots of Forward 
March of America. This is one of them showing the waterfall. 
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ested. Persons wishing this service apply 
for it before leaving home through their 
local electric utility company, which im- 
mediately forwards the request to the 
Utilities Exhibit at the Fair. Thus the 
visitor, when he enters the fairgrounds, 
goes first to Forward March of America, 
where he finds his tour awaiting him. 
Many thousands of these tours have been 
supplied. 

Among the utilities which have been 
particularly active in making use of the 
Personal Tour service are Philadelphia 
Electric Company, Public Service Elec- 
tric & Gas Co. of N. J., Virginia Elec- 
tric & Power Company, West Penn 
Power Company, Potomac Edison Com- 
pany, and all companies of the Niagara 
Hudson System. These utilities are all 
doing an exceptionally fine job of telling 
their customers about the Personal Tour 
Service, and forwarding applications, 
thus making certain that their custom- 
ers see the Utilities Exhibits when they 
reach the Fair. There can be little doubt 
that these companies will benefit in im- 
proved customer relations as their cus- 
tomers get the utility story from the two 
exhibits. 

This Personal Service Bureau of the 
Utilities Exhibit is truly one of the fea- 
tures of the Fair. Since it is the chief 
point of personal contact between the 
Exhibit and visitors, it deserves particu- 
lar attention here. The staff of five 
men and three women—all young and 
college trained—have all had prior ex- 
perience in sales or promotional work. 
Their aim is to exemplify to the public 
that spirit of public service upon which 
the utility industry rests. They have been 
so successful in meeting the most varied 
and unusual requests that the World’s 
Fair Information Service lists the Util- 
ities Personal Service as “willing to do 
practically anything for you,” and de- 
pends upon it to handle numerous prob- 
lems that the World’s Fair Information 
Service itself cannot handle. Since the 
World’s Fair reduced its information 
staff in the interests of economy, a large 
amount of additional work has been 
thrown on the Utilities Personal Service 
staff, which has welcomed it as addi- 
tional opportunity to demonstrate its abil- 
ity and willingness to serve. 

Among the regular services which Per- 
sonal Service performs are providing in- 
formation about the Utility Exhibits 
themselves and about other exhibits at 
the Fair; supplying rooms for visitors— 
( a headache when people want this ser- 
vice at 10 o’clock Sunday night, just at 
closing time) ; arranging for theater, ho- 


EDISON ELECTRIC INSTITUTE BULLETIN 


tel, train and boat reservations; mailing 
parcels; cashing Travelers Checks; ad- 
vising people where to go and what to 
see in New York City; buying baseball 
tickets; and caring for lost children. Its 
more unusual tasks have included repair- 
ing a broken sandal for its owner, mend- 
ing a rip in a pair of trousers, and 
supplying aspirin tablets to headache 
sufferers. 

Even this amazing versatility is balked 
on occasion. A qu-stion as to how to find 
the Giant Test Tube was only solved 
when somebody suggested that perhaps 
what was meant was the Time Capsule, 
which proved to be correct. Inquiries 
for the “rowboat” and th: ‘automatic 
gentleman”’ both proved to be properly 
answered when the Westinghouse Robot 
was suggested. What stumped the staff 
worst was a question on how to find one 
particular cxhibit which—several days 
later—was found to be—not at the New 
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York World’s Fair—but at San Fran- 
cisco! The staff admits difficulty with 
questions like that! 

The request which the staff considers 
its most amazing one came from a zeal- 
ous and determined woman bearing a 
pencil and pad of paper who approached 
one of the young women behind the In- 
formation Desk. It became obvious that 
she was a deaf-mute when she placed the 
pad on the desk and started the conver- 
sation by writing: “Do you demonstrate 
the electric chair? Would like to see 
one demonstrated.” 

Nonplussed but willing, the girl, men- 
tally reviewing the various electrical ex- 
hibits, wrote in reply: “Did you see one 
on. exhibit ?” 

“No,” came the. written answer; “I 
mean an ordinary one.” 

“What is this electric chair used for?” 
wrote the now completely perplexed 
young woman, thinking possibly it was 
something new on the market—perhaps 


Clancy the Cop, on the Street of 1892 in Forward March of America 
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The completely electrically equipped house on the Electrified Farm 


an electric rocking chair, for example, or 
perhaps a chair for therapeutic treat- 
ments. 

The final straw came with the reply: 
“Used for executing murderers.” 

In general, the staff says, people know 
their utility companies better wh.n the 
company has publicized its initials as a 
trade mark. Thus PEPCO and PP&L, 
and other familiar combinations come to 
mind instantly when the visitor fills out 
his card, while people served by compa- 
nies which do not so emphasize some 
short form of their names have much 
more difficulty in recalling the company 
name. Occasionally a women is seen to 
take an electric bill from her purse and 
read her utility’s name before filling in 
the card. Other women protest—‘“l 
don’t know the name because I don’t pay 
the bills!” Those who do not use utility 
service—and there have been a few, espe- 
cially at the Electrified Farm—register 
embarrassment at having no. name to in- 
sert. 

On the other hand, the staff has be- 
come adept at supplying the utility’s 
name as och as the visitor writes down 
the name of his city. This seems to please 
visitors, who apparently like to feel that 
their local company is so well known that 
somebody in New York can call it by 
name. In cases where the directory must 
be used the visitor is always pleased to 
find his own ‘town listed in a national 
directory. <A splendid job of building up 


. 


the local company to its customers is thus 
b.ing done. 

Visitors frequently want to know 
whether their own company contributed 
to the cost of constructing the exhibit. 
Unfortunately this is a question that has 
to be tactfully handled. No company, 
however, has suffered from the replies 
that have been given. 

As far as the Forward March of 
America exhibit itself is concerned, there 
is plenty of evidence that its story gets 
across to the public. Designed as a 
“walk-through” exhibit which people can 
“read as they run,” the attempt has been 
to emphasize the contrast between the 
world of today—with electric service— 
and the world of yesterday without it. 
The Street of Yesterday depicts a sczne 
familiar to everyone half a century ago. 
Inevitably it brings nostalgic memories to 
most of the people old enough to remem- 
ber those “good old days,” while younger 
folk inspect its store windows, homes and 
other features with keen interest to see 
what the world looked like “when 
Mother was a girl.” 

The Avenue of Tomorrow, interest- 
ingly enough, has developed into what 
has been called “the best fashion display 
at the Fair.” This is due to Manager 
Clayton Irwin’s foresight in contracting 
with one of New York’s leading Fifth 
Avenue department stores to arrange the 
store window displays in the modern 
street. This store sets up a new exhibit 
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each week. A gentleman who was seen 
to spend hours in the lounge finally ex- 
plained that he waited there for his wife, 
who came regularly every week to see 
the new fashions! No stronger attrac- 
tion for women, of course, than a good 
fashion show. 

The lounge, incidentally, attractively 
furnished with comfortable seats, and 
looking out through huge portholes be- 
neath the big waterfall which covers 
one side of the building, is one of the 
most popular meeting places at the Fair. 
Air conditioned, it provides a point easily 
located where people can easily find each 
other, and be sure of comfortable and 
attractive surroundings while they wait. 

Comments on the exhibits are very 
numerous. Visitors frequently seem to 
feel the need of expressing their apprecia- 
tion to somebody in authority, and Per- 
sonal Service gets most of these. “You 
have a wonderful exhibit, especially the 
Old Street,” is a frequent comment from 
older people. ‘““You’re doing a grand job 
and getting your story over,” comes 
commonly from the younger group. Gen- 
eral reaction, the staff declares, is that 
the exhibit is ‘100 per cent satisfactory.” 
Many comments have been written on 
the applications for the souvenir booklet. 
More than one has expressed such 
thoughts as: “Most beautiful exhibit at 
the Fair,” and “A fascinating story ef- 
fectively told.” Most wistful comment is 
undoubtedly that of a Nashville man 
who wrote on the line reserved for the 
name of his utility company: “When I 
left home Tennessee Electric 
Power Company, but I suppose when 
I get back there again it will be TVA.” 

Electric Utilities Exhibit has not at- 
tempted to bring in celebrities and then 
publicize their visits because it desires to 
maintain an atmosphere of dignity and 
to avoid the exploitation of personalities 
as likely to detract from its main objec- 
tives. That such people are free to come 
without attendant publicity was perhaps 
the thought back of a remark made by 
one of the leading officials of the Fed- 
eral Government’s power program, who 
wrote on his card: “A dignified, dramat- 
ic treatment of the story.” 

When Mrs. Roosevelt visited the 
Farm, to mention it later in her syndi- 
cated column, she came “on her own,” 
and went through the area just as any 
other citizen does, although the young 
lady who was mixing a cake in the Farm 
kitchen declares that when she looked 
up and recognized her visitor through 
the glass, she “nearly fell into the batter.” 


it was 











t, 1939 


s seen 
ly ex- 
; wife, 
to see 
ttrac- 


covers 
of the 
> Fair. 
easily 
each 
e and 
wait. 

very 
em to 
recia- 

Per- 


“You 


ooklet. 
such 
ibit at 


August, 1939 


Many other distinguished persons have 
gone through the Exhibits without being 
subjected to publicizing attentions. 

The Personal Service staff has bzen 
particularly impressed by the number of 
utility executives who have returned 
time and time again for lingering visits 
to review every portion of the Exhibits. 
This, they report, was particularly 
noticeable following the Institute’s June 
Convention, which brought several hun- 
dred utility men there for an afternoon. 
During the remainder of the week doz- 
ens of these men came back, usually 
alone, to visit Forward March of Amer- 
ica and the Electrified Farm. 

Both Exhibits have had a “good press.” 
From coast to coast newspapers have de- 
voted large amounts of space to the farm, 
the Street of Yesterday and the Avenue 
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of Tomorrow. Syndicate feature writers 
have found them popular subjects. Rural 
papers frequently use such expressions as 
the following, gleaned from a Southern 
newspaper: “The Elcctrified Farm at 
the World’s Fair is certainly one place 
where our readers who visit the Fair will 
want to spend some time.” 

Pictorially the Exhibits are of high 
rank. The waterfall facade of Forward 
March of America has frequently been 
called the most photographed subject at 
the Fair. Stand around outside the build- 
ing for five minutes on any sunny day 
and you'll be convinced that this is so. 
The grounds are always crowded with 
amateur photographers pointing their 
lenses toward the rushing waters. Pro- 
fessional photographers show no less en- 
thusiasm. 
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The 1939 issue of U. S. Camera, de- 
voted to the World’s Fair, heads one of 
its sections as follows: “To say that here 
are the seven best shots of the Fair would 
be an injustice to the hundreds of fine 
photographers who have made excellent 
negatives on the fairgrounds. Better ex- 
planation is that here are seven photo- 
graphs too good to be used in postcard 
size—seven photographs kept out of the 
gallery section only by Time and Space. 
For five of them, thank Robert Damora, 
young architectural photographer whose 
feeling for mass and structural balance 
can be traced to his architectural school- 
ing.” For two of his subjects in this 
group Mr. Damora selected the Forward 
March of America waterfall and _ its 
Street of Yesterday. 

Life has several times published pic- 


Light and Glass in “Avenue of Tomorrow,” Forward March of America 


The last word in modernity in architecture and lighting, this ave- 
nue shows the perfect wedding of glass and light. Plate glass, frosted 
glass, carrara structural glass and glass blocks are used extensively 
both for the facades of stores and upper floors of the buildings, the 


tops of which are lost in the night sky. 


This Avenue of Tomorrow is more than a strikingly effective 
street—a contrast for the dim gas-lit era of the nineties, another part 
of the exhibit. It is also a symbol of the elecric light and power com- 
panies’ contribution to the fully electrified world of today and tomor- 


row—the Forward March of America. 
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tures of the Utilities Exhibits, and The 
New Yorker has found amusing cartoon 
material at the Electrified Farm. Other 
magazines by the scores have devoted 
both picture and editorial space to the 
two Exhibits. 

Radio has found the Exhibits of great 
interest to their audiences. No special 
attempt has been made to encourage their 
interest, yet all the important networks 
and most of the local New York stations 
have extended invitations to the Utilities 
Exhibits to “send over somebody who 
can broadcast about what you are doing.” 

The Electrified Farm provides an ex- 
cellent meeting place for groups in the 
barn loft. This has been furnished with 
comfortable seats and other facilities for 
group meetings.. Among the organiza- 
tions which have used it are Bendix 
Home Appliances, Inc., which gathered 
its dealers here prior to its recent prize 
cruise, Niagara Hudson Power Corpora- 
tion, which entertained salesmen from its 
properties here; and Virginia Electric & 
Power Company, which used the Farm 
as its headquarters and entertained its 
friends there during Fredericksburg Day 
at the Fair. 

A group of some sixty editors and 
writers from Nassau and Suffolk Coun- 
ties, Long Island, during Farm Week 
were served a buffet supper at the Elec- 
trified Farm by Long Island Lighting 
System. Edison Electric Institute will 
holds its Rural Sales Conference at the 
Farm in September. The space is avail- 
able to other organizations which may 
wish to avail themselves of the opportu- 
nity to meet in a distinctly rural atmos- 
phere in the midst of the Fair. 

Electric Utilities Exhibit Corporation 
is achieving its objectives in a splendid 
manner, creditable to the entire indus- 
try. If the past rate of attendance is 
maintained—and there is every reason to 
believe it will be—the Exhibit will give 
some 12,000,000 people a new realiza- 
tion of what private capital invested in 
utility service has meant to the people of 
this country in making possible the high- 
est standard of living existing in any 
part of the world. 


Add to this impressive number those 
who are learning the utility service story 
by radio, newspapers and magazines, all 
stimulated by the Exhibits themselves, 
and there is little question but that a 
substantial proportion of the people of 
the United States will have a new and 
inevitably broader perspective on the in- 
dustry’s place in the American economic 
system. 


EDISON ELECTRIC INSTITUTE BULLETIN 





August, 1939 


Federal Control of Electric Utilities 
By S. Ferguson 


Chairman, Hartford Electric Light Company 


A radio talk over Station WTIC, July 20, 1939 


EDERAL control of electric utili- 

ties is far too broad a subject to 

be covered in the few minutes 
available. I can only briefly touch a few 
high spots. 

Control is being effected, or attempt- 
ed, by three methods. . 

One is by direct regulation. As to 
this I will only say that it is impossible 
for any Commission located in Wash- 
ington, to regulate for the whole coun- 
try with the same degree of success as 
is accomplished by the Commissions of 
the various States, each composed of 
men who know local conditions and the 
nature of necessary costs in their locali- 
ties. This is no reflection on the Federal 
Power Commission but only means that 
their job is an impossibility because of 
the widely differing conditions existing 
in each section of our vast country. 

Government ownership is another pro- 
posed method of control; this is the 
objective that is being furthered by all 
such acts as tend to cripple electric com- 
panies. Obviously, if they fail in their 
obligation to furnish adequate service at 
reasonable rates, of necessity the Gov- 
ernment must step in to serve the public. 
An example of such acts is the offer of 
the Federal Government to give out- 
right, 45 per cent of the cost of compet- 
ing plants and to lend the balance at an 
extremely low interest rate to enable 
cities to enter into competition. In the 
face of the possibility of such competition 
is it any wonder that private funds seek 
safer places for investment! And if the 
companies cannot sell their junior securi- 
ties they cannot construct the facilities 
necessary to supply the constantly in- 
creasing demand for power. 

Another concealed attempt by govern- 
ment ownership advocates in further- 
ance of this objective of crippling the 
companies is the effort to persuade the 
Federal Power Commission to prescribe 
a system of accounting which must in- 
evitably lead to depriving the utilities 
of a fair return on their property in the 
hope of driving them from the field. 

The third method is the so-called 
“Yardstick” by which existing electric 
rates are attacked by comparisons with 
by-product operations such as the TVA, 
subsidized with taxpayers’ money. In 


the few minutes remaining I will cite a 
few illustrations of the fallaciousness in 
making such comparisons. 

See what is happening in Tennessee! 
There the private companies are being 
bought out by the TVA and by the va- 
rious towns and cities. According to 
the public statement of Mr. Lilienthal, 
Director of the TVA, there will be a 
gain to the users of electricity of approxi- 
mately $4,000,000 a year. This sounds 
fine but the Taxpayers’ Association of 
that state is now protesting to Congress 
that there is going to be a loss of almost 
exactly this amount, in the taxes now 
received from the electric companies. 
These tax receipts of course will disap- 
pear and will have to be made up by in- 
creased local taxation. Tennessee now 
realizes the hoax and where the bene- 
fits come from, but the rest of the 
country does not yet understand; and in 
many places there is agitation for mu- 
nicipal operation at TVA rates without 
understanding the importance of the 
prospective tax loss. The TVA is free 
from all but an insignificant amount of 
taxation. How important this fact is to 
its operations can best be judged from 
what Senator Norris, the Father of the 
TVA, said the other day on the floor of 
the Senate. 

I quote from his speech: 

“A proposal from a great Association of 
Tennessee says in effect, ‘Let the TVA 
property be subject to taxation the same as 
everybody’s property.’ On my desk now 
there is a printed amendment which pro- 
vides that all property of the TVA shall 
be subject to taxation everywhere under the 
local laws of taxation. If we go to that 
extreme, Senators can see that the TVA 
would be out of business in three months.” 

Of course it would! With such an 
explicit statement from the Father of 
the TVA as to the effect of taxes (which 
is only one of the subsidies) it is fairly 
clear that the yardstick method of Fed- 
eral control is an absolute fraud, perpe- 
trated at the expense of the taxpayers 
of the nation. 

We hear in Connecticut the accusa- 
tion of millions of dollars in overcharge 
as compared with the Federal yardstick. 
The reports of the Public Utilities 


Commission to the Governor completely 
refute the accusation by showing that if 
(Continued on page 424) 
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New Wiring Booklets— 
“Just What the Doctor Ordered” 


MEASURE of the reception 
A given by the industry to the three 

new wiring booklets prepared by 
the Wiring Committee of the Institute, 
E. A. Brand, chairman, is the fact that 
a second and larger printing is now on 
the press. Orders from utility compa- 
nies for the books exhausted the first 
printing by the time sample copies of the 
third book of the series had been placed 
in the mail. 

The booklets, Basic Factors of Ade- 
quate Wiring; Covered Neutral Cable 
Helps Sell Adequate Home Wiring; and 
Commercial and Industrial Building 
Rewiring Market, described in last 
month’s BULLETIN, give the results of 
the years of investigation, research, and 
trial of new wiring materials and meth- 
ods, offer practical applications of them, 
with all necessary technical information, 
and make a strong and convincing case 
for their general acceptance. At the same 
time, the books signal emergence from 
the research and trial period of the new 
methods to their active commercial use 
and provide an effective implement for 
the aggressive promotion of adequate 
wiring. 

What They Say 

From utility executives, wiring author- 
ities, the trade press and from many 
others have come laudatory comments. 
Here are a few examples: 

“This is really a notable piece of work. 
It is the best presentation I have ever 
seen. To take an electrical dealer over 
the facts and figures presented in these 
booklets would make him an adequate 
wiring bug forever. I have never seen 
the subject so adequately presented.”— 
An editor. 

“The data presented in these booklets 
are indeed highly interesting and in- 
formative. They should prove useful in 
the adequate wiring campaign.”—T his 
is from a Department of Commerce of- 
ficial. 

“A complicated subject has been made 
crystal clear and the magnitude of the 
savings from the adoption of the code 
changes recommended by the Institute 
has been demonstrated in a masterly 
manner.” —A utility executive. 

“We are enthusiastic about the wiring 
pamphlets. They are just what the Doc- 
tor ordered. At our Sales Conference 


this fall we are going to urge every op- 
erating company in this group to distrib- 
ute a copy of each of these pamphlets to 
every electrical contractor and every 
architect in the territory which they 
serve.’ —Another utility executive. 


Old Styles vs. New 
As Basic Factors of Adequate Wiring 
points out, old style wiring might be 
likened to a slender elm tre: with a 
small trunk and few branches from this 
main supply. 








Fig. 1—Old Style—Small Service, Few 
Branch Circuits 


The adequate wiring system of today 
resembles the sturdy oak tree, the trunk 
representing a large service, substantial 
limbs representing supply to major uti- 
lization equipment, and supply to prop- 
erly located distribution centers. Plenty 
of final circuits and outlets are required 
from these distribution centers to provide 
for maximum use and convenience. * 

Basic Factors of Adequate Wiring de- 





Fig. 2—Adequately Wired—Large Ser- 
vice and Many Branch Circuits 





scribes, in readily understandable lan- 
guage, the fundamental requirements for 
an adequate wiring system and outlines 
briefly the recent developments in the art 
which make adequate wiring more eco- 
nomical, both in new and in old build- 
ings. Adequate wiring means ample cop- 
per capacity and ample outlets for all the 
many lamps and appliances which the 
customer desires to use. 


In the Home 


Covered Neutral Cable Helps Sell 
Adequate Home Wiring gives full de- 
tails on the application of this new type 
of wiring assembly to small buildings, 
both residential and commercial. Covered 
neutral assembly consists essentially of 
conventional rubber covered wire sur- 
rounded by stranded neutral which in 
turn is covered by heavy paper and then 
bound together by an outer braid of the 
type which has proven satisfactory for 
many years on non-metallic sheath cable. 
This assembly is made by a number of 
reliable wire manufacturers and has been 
extensively tested in the laboratory and 
used in actual field installations (note 
Fig. 3). 

In territories where this material has 
been used, enthusiastic reports have been 
received from contractors, wire men and 
inspectors. _ 

In Large Buildings 

Commercial and Industrial Building 
Rewiring Market describes the use of 
the recently developed thin-wall insula- 
tion conductors, bare neutral, increased 
conduit fill, and recircuiting. These 
various methods can be used singly or in 
combination, to allow for substantial in- 
crease in capacity of existing conduit sys- 
tems. They involve merely changes in 
the wires inside the conduit and do not 
require building destruction and redec- 
oration as would be involved in change 
of conduit. 

By these simple methods capacities can 
be readily and safely increased two, 
three, or even more times. A common 
method of wiring used in the past was 
to install two circuits of No. 14 in a 
¥,-inch conduit (Fig. 4). 

This same conduit can be rewired with 
six circuits and a total capacity of 12,696 
watts by the use of thin wall insulation, 
bare neutral, and circuit rearrangement. 
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TWO CONDUCTOR ASSEMBLY 








THREE CONDUCTOR ASSEMBLY 











Fig. 


This particular arrangement provides for 
balanced circuits and better regulation, 
either for a three-wire, 115/230 volt cir- 
cuit, or for a three-phase, four-wire 
120/208 volt circuit (Fig. 5). 

Many other applications are possible 
with just as amazing results. 


We All Benefit 


Everyone will benefit from the promo- 
tion and use of these new materials. 

THE Home Owner AND THE BUILD- 
ING OwneER will benefit through ade- 
quate wiring at reduced cost per outlet, 
with equal or greater safety. 

ELEcTRICAL MANUFACTURERS will 
benefit despite reduced unit cost. Lower 
unit cost will encourage fully adequate 
installations which will not cost less but 
will provide more for a given cost. The 
commercial building rewiring market, 
which is now entirely closed, will prove 
a most profitable field. 


ELECTRICAL WHOLESALERS will profit 
for the same reason that the manufactur- 
ers will profit. 

ELECTRICAL CONTRACTORS AND 
JOURNEYMEN will profit from the in- 
creased business resulting from wide use 
of these new materials. 

ELeEctTRICAL INSPECTORS realize that 
more adequate wiring reduces circuit 
overloading, as well as the use of sub- 
standard materials for extensions which 
may not be safe. 

CoMMERCIAL ESTABLISHMENTS, 
WHOLESALERS AND MANUFACTURERS 
will benefit from the increased sale of 
electrical appliances whose market will 
be expended when wiring for their use 
if available. 

ELEcTRICAL UTILITIES will receive 
substantial benefit from the use of the 
materials and methods outlined in these 
pamphlets. Lower unit wiring costs lead 
the way for increased capacity and acces- 


3—How Covered Neutral Cable is Fabricated 


sibility, and these make it convenient to 
use more electricity. 
The Electrical Code 

The new developments described in 
the booklets have all been presented to 
the Electrical Committee for considera- 
tion in revising the National Electrical 
Code next December. 

Many installations of these new ma- 
terials have been and are being made 
with permission of the local inspection 
authorities having supervision over wir- 
ing installations. 





These booklets are available on order to 
the Edison Electric Institute at 420 Lexing- 
ton Avenue, New York City. 


Basic Factors of Adequate Wiring .... 25c 
Covered Neutral Cable Helps Sell Ade- 
quate Home Wiring ................ 25c 
Commercial and Industrial Building Re- 
aa eee ee ere ree 35c 
The three booklets ordered together.... 60c 


Quantity discount—20 per cent for orders 
of 100 or more copies of each booklet, or 100 
or more sets. 
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An Effective Load Dividing Device 


Simple, Rapid, and Practical Economic Division of Power Generation 


By H. H. Johnson and M. S. Umbenhauer 


HE economic loading of intercon- 

nected power generation facilities 

has occupied the attention of oper- 
ating engineers since the first parallel op- 
eration of power generators. There has 
been a constant search for a practical 
method of finding the economic division 
of load between two or more sources of 
power supply under ever-changing con- 
ditions. 

The result of several years’ work by 
the authors is a device adaptable to eco- 
nomic power division between generating 
units within a station, between central 
generating stations, and between gener 
ating systems. It offers a means for eco- 
nomic division of electric generation be- 
tween fuel-burning and hydro plants and 
also a means for the economic allocation 
of electric generation and steam supply 
where a system supplies both forms of 
energy. Because of its extreme simplic- 
ity and easy use the device is invaluable 
in allocating load economically at the 
time the load occurs, and, moreover, 
under the conditions prevailing at that 
time. This has always been the greatest 
problem. 

To more readily comprehend it, and 
the solution, a review of some of the 
problems involved in economic load divi- 
sion will be helpful. This will also serve 
to show the logical step-by-step develop- 
ment of the device. 

Incremental-heat-rates, or incremen- 
tal-cost-rates, have been accepted univer- 
sally as the correct basis for economic 
division of load between sources of ener- 
gy supply. Webster states that “incre- 
ment” is “A change . . . in the value of 
an independent variable; also the corre- 
sponding change in the value of the 
dependent function.” According to the 
incremental rate theory of load division, 
any increase in the energy output should 
be supplied by the source having the low- 
est incremental-heat-rate or incremental- 
cost-rate. For example, an incremental- 
cost-rate is the additional cost for a unit 
increase in energy output. Hence, by al- 
ways selecting the source having the min- 











Mr. Johnson operates their load dividing device while Mr. Umbenhauer 
watches 
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imum incremental-cost-rate for the sup- 
ply of any increase in energy demand, the 
lowest production cost will be obtained. 
It will, of course, follow that any de- 


crease in energy demand should be 
dropped by the source having the maxi- 
mum incremental-cost-rate. 

The selection of which incremental 
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rate to use will depend entirely upon the 
individual problem at hand. As an ex- 
ample, for the economic division of load 
between two or more turbo-generators 
connected to a common steam header the 
incremental-heat-rates of the turbo-gen- 
erators would be used. However, if one 
or more of the units are supplied with 
steam from a header connected to stoker- 
fired boilers burning coal, and the re- 
mainder of the units are supplied with 
steam from boilers fired with oil or gas, 
it becomes necessary to adjust the turbo- 
generator incremental-heat-rates for the 
relative fuel costs, to arrive at the in- 
cremental-production-costs, which are 
used in this case. The same would be 
true in comparing turbo-generators with 
diesel engine or other internal combus- 
tion engine driven generators. The in- 
cremental-cost-rate rather than the in- 
cremental-heat-rate must also be used in 
dividing load between two or more sta- 
tions burning fuels having different costs 
per heat unit. 


It will be recognized at once that the 
incremental-cost-rates will be a function 
of the incremental-heat-rates at all times. 
In the last ten or fifteen years extensive 
investigation of the incremental rate 
theory of load division has led to so much 
excellent material being published that no 
attempt will be made to demonstrate that 
incremental-heat-rates are simply calcu- 
lated values of additional heat input re- 
quired to carry an extra unit of output. 
It also has been ably and amply demon- 
strated that for the purpose of load divi- 
sion between energy sources consuming 
different priced fuels, the absolute incre- 
mental costs are not required, but merely 
the incremental costs relative to a com- 
mon base. This means simply that it is 
not necessary to multiply the incremen- 


. tal-heat-rate by the fuel cost per heat 


unit, but only by the ratio of the fuel 
cost per heat unit to the cost per heat 
unit at some-one source of supply—pref- 
erably the source with the cheapest fuel 
cost per heat unit. For example, one 
unit supplied by steam from stoker-fired 
boilers using coal costing 18 cents per 
million Btu, if compared with a unit 
supplied by pulverized fuel boilers burn- 
ing coal costing 16.5 cents, may be put 
on the same base by multiplying the in- 
cremental-heat-rate of the unit by the 


ne or 1.09 


It is apparent, since fuel costs at gen- 
erating ‘stations vary from month to 
month, that for lowest over-all produc- 
tion costs, the allocation of loads should 
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change from month to month or at any 
other time that fuel prices per heat unit 
change. 

Another phase of the problem is the 
number of possible combinations of gen- 
erating equipment which can be set up 
on a system having severak generating 
units. It can be seen at once that the 
combinations mount rapidly with each 
additional unit on a multi-unit system. 
On the larger systems the possible com- 
binations are so great (running into 
many thousands) that it becomes a hope- 
less task to predict which combinations 
of equipment will be run to meet de- 
mands, and therefore predetermined 
schedules of load division between units 
become inadequate. 

Still another aspect of the problem is 
the variation in the operating character- 
istics of generating equipment and oper- 
ating practice from time to time. For 
example, certain seasonal variations such 
as the effect of circulating water temper- 
ature on the performance of a condens- 
ing turbine, or again the effect of make- 
up water temperature on the quantity of 
steam bled from a regenerative cycle tur- 
bine, etc., call for different distribution 
of load amongst units for maximum 
generating economy. 

To further clarify the development of 
this new device for load division it is 
well to consider the methods in prior us2. 
The most widely accepted means of de- 
termining station incremental-heat-rates 
was the approximate method described in 
“The Theory of Incremental Rates and 
Their Practical Application to Load Di- 
vision” by Steinberg and Smith published 
in the March and April, 1934, issues of 
Electrical Engineering. Briefly, this con- 
sists of establishing separate incremental 
rates for turbo-generators, for boilers, for 
electric auxiliaries and for steam auxili- 
aries, and then combining these by means 
of a formula. This must be done for each 
combination of units which will probably 
be run at a station. It must be borne in 
mind that the incremental-heat-rate will 
vary under different operating conditions, 
such as season, for the same combination 
of units. 


Having established the station incre- 
mental-heat-rates, the next step is to ad- 
just them for fuel cost per heat unit. As 
previously stated, this means multiply- 
ing by the relative unit heat price based 
on some minimum. This produces the 
station incremental cost curve which next 
had to be drawn for each combination of 
units previously determined as probably 
running simultaneously at the station. 
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Next, the probable combinations to be 
run at the individual stations had to be 
combined with the probable combina- 
tions to be run simultaneously at the 
other stations. Then for each of these 
system station combinations a curve sheet 
was plotted consisting of replots of the 
individual station incremental-cost-rates 
on a common scale and on a common 
sheet. Station loading schedules were 
then produced from these sheets by find- 
ing incremental-cost-rate ordinates that 
indicated load allocations between sta- 
tions at the desired schedule system loads. 
In order to prepare the schedules re- 
quired to follow changing system condi- 
tions for the vast number of probable 
combinations to be run on a system of 
any size, a force too large to be practical 
would be needed. 


The need then was for some means by 
which the load dispatcher could instantly 
determine the economical allocation of 
loads under the system conditions pre- 
vailing at the time of the demand. 

The first natural step to accomplish 
this was to resort to logarithmic plotting 
of incremental-heat-rates for each station 
combination. Incremental-heat-rate was 
the ordinate of these plots and load the 
abscissa. This made it possible to multi- 
ply mechanically the incremental-heat- 
rate curve by the relative fuel unit heat 
cost. This is accomplished by raising or 
lowering the curve by an amount propor- 
tional to the relative fuel unit heat cost, 
and does not alter the shape of the curve. 

The next step was to make these log- 
arithmic plots of station incremental- 
heat-rates on a transparent material. It 
was only necessary to select the combina- 
tion of units to be run at each station 
for the proper seasonal and system condi- 
tions. These curves were then placed 
on top of one another, each raised or 
lowered an amount proportional to its 
relative fuel unit heat cost. This elimi- 
nated the necessity for replotting the sta- 
tion incremental-heat-rate curves each 
time they were used in combination with 
a different combination at another sta- 
tion. 

Once these curves were set in their 
proper relative positions they were used 
by reading the loads indicated on each 
station on any horizontal line. To facil- 
itate reading, a transparent slider was 
provided to traverse vertically the stack 
of curves with a horizontal hair-line. As 
a further aid the loads were printed at 
various points on the curve. 

Curves, of necessity, had to be on a 
fairly large scale and would be rather 
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awkward for a load dispatcher to use, 
from the viewpoint of both handling 
and filing. 

In order to remove this last objection, 
narrow paper “loading strips” were sub- 
stituted for curves. The method of prep- 
aration of these strips is illustrated in 
Fig. 1. The points on the curve corre- 
sponding to any desired load values are 
transferred to the strip by projection. 
The load values for each point are 
printed adjacent to the mark correspond- 
ing to the point. It may be noted that 
when the incremental-heat-rate is con- 
stant for a range of load that it is only 
necessary to mark the highest load ob- 
tainable at that rate. 

It is obvious that the curves were 
thus compressed into a size and shape 
suitable for easy handling and conveni- 
ent filing. Since the strips are narrow, 
they can be conveniently placed beside 
one another for comparison. There is 
therefore no need for having the strips 
transparent. 

It only remained then to build a 
frame, with slots to hold the strips in 
their proper relative positions, and ‘to 
guide the slider. This was done, and a 
picture of such a device is shown in Fig. 
2. The size of the frame will, of course, 
be dependent upon the size of the scale 
chosen to represent the incremental-heat- 
rates logarithmically. 

Establishing this scale then becomes 
the first consideration in building one of 
these devices. In developing a suitable 
scale, four factors must be considered: 
(1) Range of incremental-heat-rates to 
be covered, (2) the maximum length 
available for the scale, (3) the width 
of the divisions on the scale, (4) and 
finally, the length of scale of the de- 
pendent relative fuel cost adjustment 
scale. A scale was laid out for the de- 
vice shown, in which load was econom- 
ically divided between three turbo-gen- 
erator stations. Their incremental-heat- 
rates ranged in extremes from about 
9000 to 28,000 Btu per hour per kw. 
Therefore, it was decided that a scale 
range from 8000 to 30,000 Btu per hour 
per kw would allow for any reason- 
ably anticipated expansion. To keep the 
strips from being awkward to handle, 
their length was limited to 36 inches. For 
convenience the strips were made 2 
inches wide. This allows sufficient room 
for marking load and also for identifica- 
tion titles at the tops of the strips. 

A suitable scale covering the entire 
range was fitted in a 32-inch length with- 
out undue crowding of divisions. This 
allowed 4 in. at the top of the strips for 
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20 25 30 35 40 45 50 55 


Load Megowatts 


Fig. 


notations. If it were not possible to in- 
clude the entire desired incremental- 
heat-rate range in a required length lim- 
itation, the scale would have to be split 
in two or more sections allowing sufhi- 
cient overlap of these sections to take 
care of the fuel cost adjustment. The 
incremental-heat-rate scale shown was 
prepared by taking the difference be- 
tween logarithms of highest and lowest 
incremental-heat-rates on the scale: 


Log. 30,000 = 4.4771 
Log. 8,000 = 3.9031 
Diff. = 0.5740 


Since this logarithmic difference of 
0.5740 was represented by 32 in. on the 
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scale, a difference of 1.0000 in loga- 
rithms would be 
32 in. 
0.5740 
Therefore, with the bottom of the 
scale representing 8000 Btu per hr per 
kw, any other incremental-heat-rate is 
located by multiplying the logarithmic 
unit division length of 55.75 in. by the 
difference between the logarithm of the 
desired incremental-heat-rate and the 
logarithm of 8000. This gives the num- 
ber of inches from the bottom of the 
scale to lay off the desired incremental- 
heat-rate. These calculations were tab- 
ulated as shown in Table I from which 
the incremental-heat-rate scale was made. 


= 55.75 in. 
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TasLE I—ComputTaTions For 
INCREMENT-RATE SCALE 





A B Cc D 
Incre- Inches 
mental- from 

Heat-Rate Log“A” Bottom 
Btu per hr minus “OY #5575 
perkw Log“A” Log8,000 Inches 
8,000 3.9031 0.0000 0.00 
8,100 3.9085 0.0054 0.30 
8,200 3.9138 0.0107 0.60 


8,300 3.9191 0.0160 0.89 


29,800 4.4742 0.5711 


31 
29,900 4.4757 0.5726 31.92 
32.00 


30,000 4.4771 0.5740 





In the frame the incremental-heat- 
rate scale was placed in the left slot as 
shown at “A” in Fig. 2. The base line 
of the frame then represents 8000 Btu 
per hour per kw incremental-heat-rate. 
From the discussion of the preparation 
of the “loading strips,” it will be recog- 
nized that the bottom of each “loading 
strip” represents an incremental-heat- 
rate of 8000 Btu per hour per kw. 

If the “loading strips,” representing 
different stations having the same fuel 
unit heat cost, are inserted, they will all 
be dropped in the slots until their bot- 
toms rest on the base line. The strip 
shown in slot “B” of Fig. 2 is so placed. 
However, if one has a higher fuel unit 
heat cost than the others, its bottom will 
be raised above the base line by a dis- 
tance proportional to the ratio of the 
fuel unit heat costs. Strips thus set are 
shown in slots “C” and “D” of Fig. 2. 

In establishing a fuel cost adjustment 
scale, the same unit logarithmic distance 
as that in the incremental-heat-rate scale 
must be used. In the case cited, this was 
55.75 inches, representing a logarithmic 
distance of 1.0000. Since the frame bas: 
line represents a fuel unit heat cost ratio 
of 1.00 (logarithm 0.0000), to locate 
any other ratio multiply 55.75 ‘inches 
by the logarithm of the desired ratio. 
This gives the distance in inches from 
the bottom of the scale at which to lay 
off the desired ratio. The relative fuel 
cost adjustment scale was developed for 
each 0.01 covering a ratio range from 
1.00 to 1.10, as shown in Table II, from 
which this scale was made. 

This scale is placed at the bottom of 
each slot and can be seen in slots “E” 
and ‘“F” in Fig. 2. 

The device as thus far described is 
suitable for economic loading of an iso- 
lated system. For interconnected systems 
involving energy transfer other features 


must be added. 
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Taste I]—ComputTatTions For 
CoaL-ADJ USTMENT SCALE 





A B 
Inches from 
Fuel Cost Bottom of Scale 
Ratio Log “A” “B” x 55.75 Inches 
1.00 0.0000 0.00 
1.01 0.0043 0.24 
1.02 0.0086 0.48 
1.09 0.0374 2.09 


1.10 0.0414 2.31 








In slot “G” of Fig. 2, another scale 
will be noted. This scale is an incre- 
mental-cost-scale. It reads in cents per 
hour per kw incremental cost. It can be 
constructed on any fuel cost basis. In 
the case shown the basis is a fuel cost of 
15 cents per million Btu. This is equiva- 
lent to 0.000015 cents per Btu. 


To develop an incremental-cost-scale 
for values corresponding to the incre- 
mental-heat-rate scale, the incremental- 
heat-rates are multiplied by the fuel cost, 
in cents per Btu, selected as base. . It 
will in general be found that this pro- 
duces a scale which is not divided in 
even decimals of a cent, and hence is 
difficult to read. To make a satisfactory 
scale which reads in even decimal cost 
values, the location of the costs on the 
scale must be worked ‘backwards. To 
do this, divide the desired incremental 
cost by the fuel cost per Btu. This gives 
the corresponding incremental-heat-rate 
which is located relative to the base line 
from, or as in, Table I, page 11. For ex- 
ample, the scale shown in slot “G” of 
Fig. 2, page 9, was established with 
0.120 cents per hour per kw (8000 x 
0.000015 = 0.120) corresponding to 
the base line of 8000 Btu per hour per 
kw incremental-heat-rate. The point 
0.240 cents per hour per kw corresponds 

0.240 
to 0.000015 = 16,000 Btu per hour per 
kw incremental-heat-rate. This is found 
in Table I, to be 16.78 inches above the 
base line. All other points on the scale 
were similarly located. 

With this scale in place the hair-line 
will always indicate the incremental cost 
on the basis of 15 cents per million Btu 
fuel cost. A set of similar scales can be 
prepared to cover any range of fuel price. 
The same result can be accomplished 
more conveniently by adding a supple- 
mentary scale to the slider. This is 
shown as “H” in Fig. 2. 

By using this scale the incremental- 
cost-rate may be read directly on scale 
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“G” for fuel costs other than 15 cents 
per million Btu. Scale ““H” on this de- 
vice covers a fuel cost range from 15 
cents to 20 cents per million Btu. Since 
scale “G” is a logarithmic function, the 
divisions on scale ‘“‘H” representing fuel 
costs from 15 to 20 cents per million 
Btu must be made the same as the divi- 
sions on scale “G” representing from 
0.150 to 0.200 cents per hour per kw. 
With the hair-line set to any incremen- 
tal-heat-rate on scale “A,” the incre- 
mental-fuel-cost may be read directly 
on scale “G” opposite any fuel cost 
shown on scale “H.” 

Further adjustment to scale “G” is 
provided by the “Per Cent Adjustment 
Scale” shown at “J” of Fig. 2. This is 
imprinted directly on scale “G.” Often 
on interconnected systems the pool agree- 
ment provides that a percentage of the 
incremental-fuel-cost be added to the in- 
cremental-fuel-cost to allow for addi- 
tional maintenance, labor, etc. Since this 
scale is a percentage adjustment or ratio 
scale, it was constructed in exactly the 
same manner as the relative fuel cost ad- 
justment scales, as previously described. 
By setting the desired percentage on 
scale “J” at the base line, scale “G”’ will 
indicate the incremental-fuel-cost plus 
the added percentage opposite any fuel 
cost on scale “H.” 


The device complete with scales and 
“loading strips” for all combinations of 
units at each station for the various sea- 
sons and operating “set-ups” should be 
placed convenient for use by the load 
dispatcher. By means of an index sys- 
tem very little time is needed to find 
the correct “loading strips’ required. 
The “loading strips” for the conditions 
prevailing at each station are inserted 
in the slots with their bottoms set on the 
relative fuel cost adjustment applicable 
to the station. In practice, the station 
having the lowest fuel unit heat cost 
should be used as the base for the fuel 
cost adjustment ratio. For economic di- 
vision of load between stations the dis- 
patcher always reads the loads below 
the hair-line on the slider from the sta- 
tion “loading strip.” If one station can- 
not meet this economic demand because 
of some limitation, it should be given 
as near economic load as possible, and 
the remainder of the stations loaded as 
indicated under the hair-line by raising 
or lowering the slider until the total 
demand is met. This effectively gives 
next best economic loading. 

To determine the economic _inter- 
change of power on systems where pool 
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contracts are involved, the dispatcher has 
before him at all times the actual in- 
cremental costs. By a simple compari- 
son of the incremental costs of the inter- 
connected systems he can easily deter- 
mine the direction and amount of power 
flow. 

In a system generating more than on: 
form of energy for sale (such as steam 
and electricity), and having the sources 
of supply so interconnected that the in- 
cremental cost of one is dependent upon 
the others, then, a separate incremental 
cost scale is required for each form of 
energy. By comparison of the costs as 
indicated by these scales, the economic 
generation of all energy is determined. 

Thus the load dispatcher can have 
before him a ready means for indicating 
the economic division of all loads for 
the system conditions as they exist at the 
time. It will be seen that, whereas many 
thousands of schedules would be neces- 
sary to meet all system conditions, a 
few hundred “loading strips’ will suf- 
fice for even the larger systems. 


Beside serving as an economy load 
divider, this device also makes possible 
accurate billing for energy interchanged 
under a pool agreement. The actual in- 
cremental value of energy transferred 
each hour may be determined for the 
conditions prevailing rather than 
through the use of average curves. The 
practice of using incremental cost curves, 
based on averages, frequently causes an 
actual loss on power interchange and 
furthermore often prevents profitable 
transfers. 

It is recognized that in adapting this 
device to particular systems special prob- 
lems involving the relationship of the 
scales arise, but can be solved practically. 
Detailed discussion of these are omitted 
here. It is not believed that any of these 
are incapable of solution by any one hav- 
ing a thorough understanding of the 
principles involved. 

In conclusion, it should be pointed out 
that the device could have been built 
from any one of several different designs 
which were developed. For example, in- 
stead of a flat frame, a round drum 
could be used to hold each station “load- 
ing strip.” These drums could rotate 
with respect to one another in order to 
set off the relative fuel cost ratios. Then 
they could be clamped together and 
simultaneously be rotated for load divi- 
sion while the hair-line remained sta- 
tionary. As another example, holes could 
be punched in the “loading strips” in 

(Continued on page 403) 
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This advertisement appeared August 15; 1939 in 
Chattanooga and Nashville, Tennessee, newspapers. J 


T MIDNIGHT, TONIGHT, The Common- 
wealth & Southern Corporation turns over to 

various public officials all of its electric properties 
| in the State of Tennessee. 
We have always believed, and still believe, that 
| the interests of the public are better served by pri- 
vately operated utilities than by publicly operated 
| plants. Take our T properties for pl 
The State of Tennessee and most of the commu- 
nities we have been serving have depended, in no 
small part, upon the taxes they have collected from 
| us to pay the cost of their governmental activities, in- 
/ cluding school, water, fire, health and other services. 
) Our Tennessee “paid into local and 
state treasuries a-total of $2,225,000 from electric 
revenues, for the 12 months ended June 30, 1939; 
with federal taxes, the total for this period is about 
$2,800,000. That is more than 20 cents out of every 
dollar received for electric service in Tennessee... 
it amounts to over $7,670 in taxes for every day of 
the year. 

All of our facilities in Tennessee have been built 
{ with the money of many private investors. The com- 
munities never had to increase their debts to build 
plants and distributing systems; they never had to 
pay out interest on bonds issued for electric service. 
The savings of thousands of citizens were brought, 
and would continue to have been brought, into this 
territory to help produce more industry, more local 
wealth and more steady jobs. 

Our Tennessee operation has long given its cus- 
tomers one of the lowest average residential electric 
rates in the country ... as have our other operations 
in the North and in the South. Our rate has been 
reduced steadily to where, at the present time, it is 
much below the national average. 








” 









We have continually helped households to own 
modern labor-saving and i ppli > 
which have already placed the standard of leisure 
and living in our Tennessee territory iderabl 





night, 
at Mednight.. 


we hand over our 
‘Tennessee Electric Properties 
and a $2,800,000 Tax Problem 


Almost all the money we are receiving from this 
sale will be used to pay back the owners of the 
outstanding bonds and preferred stocks of The 





above the average in the country. 

As result of our progressive merchandising and 

low electric rates, the average home in our Tennessee 

territory used far more electricity last year than was 

used by the average home in the entire United States. 
. 6 = 4 


We have had to sell our electric properties and turn 
over a splendid organization to the Tennessee Valley 
Authority and other governmental agencies because 
we could not stay in business and compete with 
virtually tax-free and heavily subsidized plants. 

Incidentally, our taxes have been multiplying and 
mounting for years. They are an ever increasing 
problem ... a veritable “headache”, which other 
taxpayers can well appreciate. To be rid of any tax 
worries is, of course, always a relief. 

‘We now turn over to government agencies, for 
about four-fifths of its real value, one of the finest 
public utility services in this or any other country... 
one representing private investments of about a 
hundred million dollars. 








Electric Customers * 
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T Electric Power Company, at 100 cents on 
the dollar. A substantial percentage of these inves- 
tors live in T The harehold 
principally The C ealth & Southern Cor- 
poration, are taking all of the loss. 

To buy our properties, the municipalities are sell- 
ing bonds largely tax-free and TVA is selling 
Government obligations which, in addition, will be 
a lien upon the incomes of all of us. These tax-free 
municipal aad federal securities will be owned 
largely outside Tennessee. As a result, much income 
which citizens of Tennessee received from our 
Company will no longer benefit this community. 

The incomes from all Tennessee Electric Power 
securities have, of course, been subject to taxation 
and have long helped to carry the costs of govern- 
ment. Whenever government takes over a private 
business, not only does the public lose the benefit 
of taxes paid directly by the business but also the 
substantial taxes paid by the owners of its securities. 








a2 8 8 8 


We sincerely hope that our former customers in 
this territory will continue to enjoy one of the best 
electrical services in the country. 

To numerous friends and associates in Tennessee, 
many of whom have been most helpful and consider- 
ate, we are deeply indebted and vety grateful. We 
wish them every success. Our hope is they will never 
be required to defend a business of their own against 
government subsidized competition. 


Wendell L. Willkie, enesivent 


Tke Commonwealth & Southern Corporation 








Farewell newspaper advertisement to customers of the former Tennessee Electric Power Company 


August, 1939 
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Power Company, operating subsid- 

iary of the Commonwealth and 
Southern Corporation, to the Tennessee 
Valley Authority and more than thirty 
municipalities and rural cooperatives in 
the State was completed August 15 with 
the payment of $78,600,000 for the prop- 
erties by the public authorities and the 
formal transfer of title. 

The sale represented at least a partial 
victory for public ownership protagonists, 
backed by the strength of the present 
Federal Administration, at the same time 
marking a personal triumph for Wen- 
dell L. Willkie, President of the Com- 
monwealth and Southern Corporation, in 
securing a price that enables the parent 
company to make full payment on all 
bonds and preferred stock, and partial 
payment on common stock. More than 
250 representatives of the principals in 
the transactions, most of them from 
Tennessee, witnessed the transfer, which 
was presided over by Mr. Willkie and 
held in the First National Bank Build- 
ing in New York. With a few relative- 
ly small exceptions the purchase of the 
company practically eliminates private 
utility operations in the state, expands 
the market for TVA power, and culmi- 
nates more than five years of litigation, 
debate and consultation between the con- 
tracting parties. 


S ° of the Tennessee Electric 





In statements released after the clos- 
ing, Mr. Willkie declared that by the 
purchase of the properties the Federal 
Government had acquired, at about 80 
per cent of its real value, one of the “best 
electrical services in the world.” 

Mr. Willkie’s statement was as fol- 
lows: 

“T sincerely hope that our former cus- 
tomers in the State of Tennessee will 
continue to enjoy the benefits which the 
Tennessée Electric Power Company 
originally made possible. Whether or 
not the quality of service is maintained, 
these customers will, of course, enjoy the 
lower rates made possible by government 
subsidy—but they and all the people in 
the United States will pay the higher 
’ taxes which tax exempt and heavily sub- 
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is Completed 


sidized government operations inevitably 
require. 

“We sell these properties with regret. 
We have been forced to do so because we 
could not stay in business against this 
subsidized government competition. 

“The Tennessee Electric Power Com- 
pany was started thirty-five years ago by 
a Chattanooga engineer who refused to 
believe that the Tennessee River could 
not be dammed. Since then thousands 
of employees and many thousands of in- 
vestors from different states have par- 
ticipated in the remarkable development 
of this project. It has never received 
any gifts from the United States Trea- 
sury or from the PWA or from the 
municipalities. On the contrary, it has 
made substantial tax payments to the 
Federal and local governments amount- 
ing to over $25,000,000 in the last ten 


years. 


“From now on, this business is in the 
hands of governmental agencies. The 
participation of private management and 
private investment is at an end. Another 
business is removed from the tax rolls. 
While this sale does not represent the 
true value of this investment, at least we 
have received enough to make full pay- 
ment to the owners of the bonds and 
preferred stocks. The common stock- 
holders, principally the Commonwealth 
& Southern Corporation, are taking all 
of the loss. . 

“But the loss of these properties will 
not be in vain if it serves to arouse the 
American people against government in- 
vasion of their business. In looking to 
the future, I plead with the government 
for two principles, both of which are 
essential if the system of free economic 
enterprise is to be preserved. 


“T ask first, as I have asked many 
times before, that the government dis- 
continue its competition with private 
business outside the Tennessee Valley. 
It now has its ‘yardstick’ area. It should 
be content with that, so that in other 
areas of this nation the utility industry 
may make its vital contribution to Amer- 
ican business recovery. 
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Sale of Tennessee Electric Power Company 


“Second, I ask that these government 
agencies should keep their books on a 
completely honest basis, so as not to mis- 
lead the American people, from whom 
these commissions get their power. Not 
only should these agencies observe the 
rules laid down by the government for 
the utilities themselves, but they should 
make due allowance for such things as 
the tax income loss to the Federal and 
local governments whenever a private 
cnterprise is destroyed.” 


Although some officials, including 
Gov. Prentice E. Cooper of Tennessee, 
and David E. Lilienthal, TVA director, © 
hailed the event as a “happy and signifi- 
cant” occasion for the people of Tennes- 
see, numerous municipal representatives 
paid high tribute to Mr. Willkie and 
Commonwealth and Southern Corp. and 
several expressed regret that private op- 
eration of electric facilitjes in their com- 
munities was at an end. 

Thomas L. Cummings, Mayor of 
Nashville, said ‘“Tennessee Electric Pow- 
er Company has given us good service, 
and I hope the people, under public 
control, will receive as good service as 
Mr. Willkie has given us.”’ 

Edward D. Baas, Mayor of Chatta- 
nooga, said ““No community was ever 
served by a better public utility than we 
were; Mr. Willkie and his organization 
have done a great job.” 

Representative Joseph W. Byrns, Jr. 
of Tennessee, greeted the assembly and 
said, “Mr. Willkie has been a friendly 
enemy of whom we have the highest re- 
spect.” 


L. J. Wilhoit, chairman of the Chat- 
tanooga Power Board, who played an 
important role in the negotiations, said 
that ‘“‘the splendid service rendered by 
Tennessee Electric Power, coupled with 
the aggrcssive straight-shooting leader- 
ship of Mr. Willkie, created a back- 
ground for public acceptance of the prin- 
ciple that security holders should be pro- 
tected in any transaction involving the 
transfer of any property to public own- 
ership.” ; 
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News from the Modern Kitchen Bureau 


LLANS for The Modern Kitchen Bu- 

reau’s fall promotion of electric 
ranges centers around a National Elec- 
tric Range Exposition in which utilities 
and dealers everywhere may participate 
by conducting their own electric range 
expositions locally. The Bureau has 
prepared a wide variety of helpful pro- 
motional materials for use in connection 
with these local activities. All of it has 
been designed so that utility or dealer 
will be effectively tied in with the na- 
tional program. 

The Bureau’s new Plan Book for the 
National Electric Range Exposition of- 
fers valuable suggestions as to how to 
prepare for the local range exposition. It 
recommends the use of receipted electric 
bills borrowed from customers who own 
electric ranges, so that prospects may see 
for themselves how little the use of an 
electric range actually costs. It also 
points to the need for demonstrating the 
speed of the modern electric range and 
suggests that at least one range be kept 
connected to an electric circuit for this 
purpose. 

Folders for direct mail use, which may 
carry the dealer or utility imprint, and 
sales training booklets for the use of 
salesmen are also included. 

Thirty-inch window banners are avail- 
able which tell all who see them that 
here in the store displaying the banner is 
a part of the National Electric Range 
Exposition to which they are invited. 
There is also a series of 24-inch arrows, 
which can be strung up from the en- 
trance of the store to lead customers 
directly to the range exhibits. Also avail- 
able is an excellent series of newspaper 
advertisements, in mat form, which will 
further identify the dealer or utility with 
the nation-wide exposition program 
through his local newspaper pages. There 


ye Zo change /, 
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HOUSEWIVES AMERICA-OVER 
ARE READING TODAY ABOUT 


ELECTRIC COOKING 


Magazine and newspaper odlitors are] keenly aware of their readers’ 
self-interest, There's no greater 
of housewives in electtic cooking 
ing im the megazines and newspapedp 









jal to the increasing interest 
the many features now appear- 
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MOM) SHOULS Mave 
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American women are not yet fully aware that clean, 
safe ELECTRIC COOKING is really fast and cheap! 
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THE TICKET / 





Two pages from the Modern Kitchen Bureau plan book for the autumn 
National Electric Range Exposition 


is special material for use on local radio 
stations. 

For its fall electric water heating pro- 
motion the Bureau has prepared a cam- 
paign program entitled “Time to 
Change.” The groundwork for this pro- 
gram will be national advertising in the 
September, October and November is- 
sues of Better Homes and Gardens. Util- 
ities and dealers will capitalize on this 
with their own window displays, using 
customers’ electric bills as in the range 
campaign, putting up banners, sending 
out direct mail leaflets, supplying sales- 
men with the Bureau’s water heating 
sales training booklet and its new Visual 
Manual of Electric Water Heating, and 
developing the best possible prospect list 
in their own communities. The Bureau 
makes available materials for this and 
also a series of advertising mats for local 
newspaper use. 

Included in the program are two im- 


Here is the three-foot win- 
dow banner that dealers 
will use to announce their 
participation in The Mod- 
ern Kitchen Bureau’s 
“Time to Change” Fall 
Campaign for Electric 
Water Heating. 








portant contests, one for utilities and 
dealers and the other for their salesmen. 
The first is a window display contest, in 
which it is necessary merely to submit a 
photograph of an electric water heater 
window display set up between July 1 
and December 31 of this year. Prizes are 
$100, $50, and ten of. $10 each. Sales- 
men will compete in the series of contests 
for the best letter on “How I Sell Elec- 
tric Water Heaters.” The next contest 
closes September 30, and the final con- 
test ends December 31. Prizes in each 
contest are $25, $15, $10 and five prizes 
of $5 each, with a grand prize of $100 
for the year’s best letter. 

Utility executives are also reminded 
of the Bureau’s Utility Contest for the 
National Electric Water Heating Award 
given for the best all-around water heat- 
ing job each year. This contest con- 
tinues throughout 1939. A cash prize of 
$1,000 and a silver trophy will go to 
the winner of this contest. 

Winner in the Bureau’s second quar- 
terly contest for electric water heater 
salesmen which closed on June 30 was 
A. A. Anderson, Pacific Gas & Electric 
Company, Dinuba, California. Mr. An- 
derson’s letter on “How I Sell Electric 
Water Heaters” took the first award of 
$25. In second place was V. Motz, of 
Wolf & Dessauer, electrical dealers of 
Fort Wayne, Indiana. Miss Willard 
Powers, Duke Power Company, Ruther- 
ford, North Carolina, took third prize, 
the first time that a woman has been 

(Continued on page 424) 
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Management and Public Relations 


of peace in the utility business. 

On one hand, supposedly, sits the 
customer, warm, comfortable in his sur- 
roundings, and smugly preoccupied by 
his own problems, views, and distrac- 
tions. On the other hand sits manage- 
ment, in plush seats, sedately reserved, 
and harassed by grave technical, social, 
and economic concerns. 

Between them are great restless forces, 
the pressure of scientific advance, new 
industrial conceptions, social change, 
propaganda and stepped-up selling meth- 
ods, politics, associations and leagues, 
price considerations, and countless other 
schisms and “isms,” all difficult for the 
individual mentality to coordinate and 
assimilate. 

‘But together the customer and man- 
agement form the two poles of a “‘sys- 
tem,” each dependent upon the other to 
complete the circuit, no matter how 
widely separated from the standpoint of 
distribution, thought, or purpose. 

To suppose, however, that this basic 
relationship and interdependence implies 
a mutual interest and enthusiasm be- 
tween customer and company, is a Vic- 
torian fondness carried over from the 
days when business was a small and in- 
dividual thing. 


| vf peace vigilance is the price 


The customer today is fickle, and so is 
his dollar. Far from holding a monop- 
oly, the utility, in competition for its 
share of the customer dollar and cus- 
tomer attention, has to get in and scram- 
ble like everybody else, or be left at the 
switch. 

To believe, therefore, that the dollar 
spent for electricity is a stable source 
of revenue without constant sales effort 
is another wishful thought destined to 
bring about a rude awakening when some 
other and more enterprising manufac- 
turer begins selling service in more in- 
teresting and attractive packages. 

So to hope for “understanding” and 
“loyalty” as substitutes for a more active 
form of public relations and sales pro- 
motion are fallacies which, in some in- 
stances, have carried the utility industry 
across pretty thin ice. 

The sooner management gets out into 
the open, therefore, and sets a standard 
for aggressiveness and progressiveness, 
the better chance the “system” has of 


By Leonard Lathrop 
Jersey Central Power & Light Company 





MR. LATHROP 


functioning as a unity in meeting the 
problems affecting the business. 
Management’s Position 

The president of a utility occupies a 
unique position in the area served by 
his company. He heads probably the 
most widely distributed business in the 
state and employs the most diversified 
types of labor. His company is a de- 
positor in many banks, a large purchaser 
of materials and supplies, and has one 
of the largest investments in plant and 
property. The company is also one of 
the heaviest taxpayers, both locally and 
nationally, and stands to benefit or lose 
probably more than any other business 
as a consequence of legislation, national, 
state, or municipal. In fact, about one 
out of every 10 pieces of legislatign in- 
troduced has a definite bearing upon 
the utility business, and an ultimate ef- 
fect upon the relationship between the 
industry and the public. 

It is important, therefore, that man- 
agement take a bold position, both in 
good and bad legislation, so that minor- 
ities may not become the 4-inch tails 
which wag the dog in legislation affect- 
ing both the company and the public. 

This policy on the part of manage- 
ment requires vision and clarity of 
thought, but it also requires expression, 
as that is the only way in which the 
views of the management may be trans- 
lated to the rank and file of employees, 
many of whom have no way of knowing 
what the management is thinking. 


The wish that government would ul- 
timately let business alone has for a long 
time been the father to management’s 
thought in dealing with the matter, and 
it has only been recently that the utility 
industry has taken the time and trouble 
to let its employees and the public know 
how some forms of legislation are af- 
fecting the business. 

Utility management, in its various 
stages, has been controlled by engineers, 
lawyers, or financiers, but in the highly 
competitive field of today, the utility ex- 
ecutive must not only shoulder the bur- 
dens of his predecessors, but must possess 
a vigilant promotional faculty as well if 
he hopes to keep his business moving on 
all fronts. 

Thus management must be eternally 
watchful, not only in the development of 
the system itself, but also in respect to 
outside influences and conditions which 
affect the business. 


Employee Relations 


The character of management is the 
greatest asset in business, and readily 
translates itself to the employee, into ser- 
vice, and to the public at large. This is 
the point at which public relations must 
begin. 

Thought must be given to public rela- 
tions as a company activity and company 
policy, however, and time and money in- 
vested in carrying a program out. Unless 
this is done the employee in the corpora- 
tion of even moderate size will be found 
to be woefully ignorant or misinformed 
about his own business and his own or- 
ganization. 

Until recently many executives have 
held the view that the less said, the bet- 
ter. This has been partly due to a fear 
of employee movements, partly because 
of the belief that money thus invested 
could not be justified on the basis of 
tangible returns, partly because manage- 
ment was afraid to lay itself open to the 
charge of “undue influence,” and partly 
because of the lack of qualified people 
within the organization to handle the 
specialized side of this work. But it has 
been due principally to the fact that no 
thought whatever was given to it. 

Management is beginning to learn, 
however, that Priscilla’s admonition to 
John Alden was pretty good advice. The 
methods used, of course, vary, but unless 
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Covers of three of a series of “Forget the Rumors—Look at the Facts” envelope enclosures of the Jersey Central Power 
&¥ Light Company. Inside pages of the folders are shown opposite 


a well thought out and sustained plan of 
employee education is adopted, manage- 
ment loses an important opportunity 

Regardless of method, two basic prin- 
ciples should form the foundation of such 
a program. The first is that though the 
views of management and employee may 
differ because of different perspectives, 
management should make a real and 
honest effort to express its own view, 
rather than to attempt to express views 
which it merely believes the employees 
would like to hear. 

The second is that in the dissemina- 
tion of information reliance should be 
placed upon facts and upon the intrinsic 
value of the information, rather than 
upon an abbreviated and_ spectacular 
form of presentation. 

The full information must be there, 
should the employee care to absorb it, as 
this gives him a tangible basis upon 
which to form his own views, and a real 
fund of knowledge, if he wishes to study 
and make use of it. 


The Company Publication 
The company publication, therefore, 
which depicts the business, its operation 
and problems, rather than concern itself 
solely with personalites, performs a bet- 
ter service, both from the standpoint. of 


management and the employee, than the 
bulletin of the strictly news type. 

The company magazine is, of course, 
in competition with all other printed mat- 
ter for reader interest and attention, and 
consideration must be given to its attrac- 
tiveness, picture interest, layout and de- 
sign. But unless the editorial content is 
of a worthwhile nature, the principal fea- 
ture of the magazine as a specialized me- 
dium is lost. 

In this connection it should be pointed 
out that there are many magazines de- 
signed for special readers, such as the 
trade and professional journals. The 
utility management, likewise, needs a spe- 
cial medium in order to give full expres- 
sion and interpretation to its views, for 
management alone is in a position to pre- 
sent the whole picture of the business. 

On the other side, every cmployee is, 
or should be interested in knowing how 
to do his job better, and in this effort he 
must have help and support directly from 
the management, for the business is 
progressing fast and the employee must 
progress with it. 

Other Methods 

While the company magazine fills a 
definite nezd in most organizations, other 
forms of printed matter are also impor- 


tant, and a good method of reaching the 
employee is through enclosures with his 
pay check. 

This affords management an opportu- 
nity to present facts pertinent to the busi- 
ness from week to week. Proof that the 
employees make use of this material in 
dealing with new problems which may 
come up in the course of their work has 
been demonstrated many times where this 
plan has been used. ‘The subject matter 
should reach into every phase of the busi- 
ness, and into every department so that, 
aside from having general application, 
each folder will have a particular appli- 
cation to certain groups or departments. 

Broad welfare policies, employee train- 
ing courses, wages, hours and many other 
programs affecting the employee are also 
important considerations, but more im- 
portant than anything else is the attitude 
of management. For only by vigilance 
and directed effort on the part of man- 
agement, and a proper presentation of 
the facts, can rumor, agitation, and dis- 
sention be combated. 

Management, therefore, must cast 
aside its reserve and play an active and 
aggressive role in formulation not only 
of company policies, but of company opin- 
ion. 
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The customer, on the other hand, who 
spends a part of his dollar for electric 
service, rarely stops to think about the 
technical, economic, and social ramifica- 
tions of so simple an act. In fact, to him 
it might almost appear as though the 
public utility labors, and brings forth 
a mouse. 

In the abstract the fact that what he 
pays for electric service buys coal, equip- 
ment, materials, labor, human welfare 
and provides taxes does not concern him 
as much as it should, but he is interested 
in what electricity costs, and what it will 
do for him. 

This curiosity about cost should be 
encouraged because the time is coming 
when the purchaser is going to have to 
look his dollar squarely in the face and 
make up his mind just what, and how 
much he can do with it. 

Many utilities at the present time are 
attempting to stress the value of electric 
service on a price appeal basis. This 
takes the form of promotional matter and 
advertising telling how much can be ac- 
complished electrically for a few pennies, 
and also the fact that while other living 
costs have been going up, electric rates 
have been steadily going down. 

The time may not be far distant, how- 
ever, when the drop in the rate curve 
will strike bottom, as manufacturing 
costs continue to rise. So, while the pub- 
lic may not give much thought to the 
matter now, it must ultimately determine 
how much may justifiably be paid out 
of the dollar to maintain the new social 
and political order through taxation and 
other levies. 

The consumer, therefore, should not 
be encouraged to believe that rates are 
destined to go down forever. This, again, 
is a subject upon which management and 
customer necessarily differ in view, be- 
cause while the customer’s interest is 
immediate, especially where price is con- 
cerned, the management must look to the 
future and protect the development of 
the system by adequate reserves. 

This in the long run is, of course, to 
the interest of the public, as well as the 
company, and it is management’s job to 
maintain its position in this respect, 
whether it receives thanks for it or not. 
Otherwise, agitation for continually 
lower rates may ultimately defeat its own 
purpose by seriously impairing the util- 
ity’s resources and service. 

It must be borne in mind, also, that 
the cost of government and social experi- 
ment are spreading out through the eco- 
nomic system and may ultimately absorb 
such a large part of the cost of living 
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that purchasing power in other directions 
may be curtailed, and living standards 
correspondingly lowered. 

Business management is face to face 
with these problems and, because it is or- 
ganized and has the facilities for the dis- 
tribution of information, should present 
its side of the business picture consistent- 
ly to the public. This is a slow process, 
especially because of the competition for 
reader attention, but headway is being 
made by companies making such an effort. 

The head of the house, sitting in the 
warmth and security of his home, may be 
bored with the modern hullabaloo and a 
hard person to reach. He is attracted, 
nevertheless, by what things cost, and in 
the case of electricity, what it will do for 
him. So is the woman of the home. 

Literature planned to make this ap- 
peal, therefore, should be designed to 
reach both the masculine and feminine 
mind, and may be both institutional and 
promotional in character at the same time. 

At any rate, the business side of the 
economic story must be told if business 
hopes to hold its own in the war of 
words today, and management must be 
vigilant, direct and forceful in charting 
its course. The “plush seat’ day is over 
and management must step out and meet 
the public, by personal appearance, 
through the newspapers, the radio, and 
the countless other media of the day, for 
people are forming ideas and forming 


them fast. 
New Business 


There is no better way of demonstrat- 
ing what electricity can do than by put- 
ting new appliances in the customer’s 
home. The modern all-electric home ex- 
ceeds our fondest dreams of ten years 
ago, and the man or woman who lives in 
one is not usually the customer who com- 
plains about his bills. 

In the past few years developments in 
the manufacture of equipment and along 
the lines of efficiency in operation have 
worked miracles in the up-to-date home, 
and a revolution in living is taking place. 

Not until the customer actually ex- 
periences the convenience of automatic 
hot water, electric cookery, or good light, 
however, can he really become wedded to 
electric service, and the flow of these 
goods today is backed up chiefly because 
of the diffidence of the utilities in wooing 
the consuming public. 

The management, however, which 
fails to conduct the new business side of 
the company activity along aggressive and 
modern selling lines, misses a big point 
in public relations because the satisfied 
user is certainly the best advertiser. 
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It is where this selling policy is lacking 
that the customer begins to grow fickle, 
allowing his dollar and attention to be 
courted in other directions. In this re- 
spect, certainly, the traditional tables are 
turned, because it is the customer who 
has the monopoly on the dollar, while 
big business has to join the rest of the 
small fry trying to get a look at it. So 
the salesman, or home service girl, who 
gets in the door is doing the company 
a real service, whether he makes that 
sale or not. 

Consequently, again in the selling 
field, management must come out into the 
open and cast its lot in the competitive 
market, setting an aggressive standard 
for the buying public, not the least 
among which are its own employees. 

The promotionally minded employee, 
furthermore, is the best type of agent for 
his organization, and his viewpoint along 
these lines is largely determined by the 
extent to which the management itself 
goes in this direction. 

To be content, therefore, with the 
view that electricity occupies a unique 
and necessary place in the home, enjoying 
a certain immunity from social and eco- 
nomic vicissitudes, is pure sentimentality 
and the beginning of decay. 

The part which electricity is destined 
to play in modern living has scarcely be- 
gun, and only a disjointed economic sys- 
tem, a break down in the standard of 
living, or a radical change in the value 
of money, can retard the development 
which is on its way. 


Back to Our Seats 


So let us now go back to our seats, 
the customer to his home, which is his 
castle, and management to its little 
sphere of influence behind closed doors. 
What, or where, is the point of contact 


through which these two poles of thought . 


can be fused into an energized ‘‘system’’? 

That point is the attitude of manage- 
ment, for management is the active agent 
in the business relationship, and manage- 
ment holds the responsibility for the sys- 
tem, for its personnel, and for the type 
of service rendered. 

The character of management is still 
the great asset of business, and readily 
translates itself to the employee into ser- 
vice, and to the public at large. 

In the end it is not the customer, not 
the politician, not labor, and not science 
which hold the key to the future, but the 
ability of management to meet the rapid 
changes in the conditions of business, and 
in this task, indeed, eternal vigilance is 
the price of peace. 
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and ‘Telephone Lines 


The Problem 1s Location, Design, Operation and Maintenance of the Two Types of 
Systems so as to Result in the Best Service of Both at the Least Overall Cost to the Public 


By H. R. Huntley and J. O’R. Coleman 


Respectively, Engineer, American Telephone &° Telegraph Company; Engineer, Edison Electric Institute 


HE widespread interest at the 
: present time in the inductive co- 


ordination of long, lightly-loaded 
open-wire power distribution systems 
and telephone systems of the type fre- 
quently used for supplying service in 
rural areas, warrants a review of some 
of the facts which have been developed 
through the joint work of the Edison 
Electric Institute and the Bell Tele- 
phone System. 

Considerable data on this subject have 
been published in one form or another 
and this article summarizes some of them 
and discusses their significance in a non- 
mathematical manner. 

Reiteration of a few fundamentals is 
pertinent to the present subject. 


(1) It is theoretically possible to build 
power systems which will have negligible 
inductive effects on neighboring telephone 
systems of any type. 

(2) It is theoretically possible to build 
telephone systems which will be unaffected 
by neighboring power systems of any type. 

(3) Even though it might be possible to 
reach the theoretical conditions of (1) or 
(2), this is, of course, ordinarily imprac- 
ticable. Within the limits of practical con- 
siderations, the total cost of the telephone 
and power services to the public will be less 
when the inductive influence (ability to af- 
fect neighboring telephone lines) of the 
power system is kept as low as practicable 
and the susceptiveness (ability to be af- 
fected by neighboring power systems) of 
the telephone system is kept as low as prac- 
ticable, and the two systems are “coordi- 
nated.” 


The problem of inductive coordination 
is, therefore, the intensely practical one 
of so locating, designing, operating and 
maintaining the two types of systems as 
to result in the best service of both types 
at the least overall cost to the public. 

The first thing which occurs in con- 
nection with coordination is the location 
of power and telephone lines. When 
considering long distance telephone lines 
and major power transmission lines, it is 
frequently practicable to plan substantial 
separations so as to limit inductive prob- 





1 For all numbered references, see Bibliography 
at end of article. 


lems—although this is becoming increas- 
ingly difficult and expensive in many sit- 
uations. Consequently, more and more 
reliance is necessarily being placed on 
other coordinative measures. 

When it comes to power and tele- 
phone distribution systems, it is, in many 
cases, impracticable to avoid having the 
lines on the same highways because the 
customers of both services usually are the 
same. In such situations, coordination 
of the location of lines is still important 
but is directed toward securing condi- 
tions which will facilitate inductive co- 
ordination (such as keeping the separa- 
tion uniform, avoiding frequent cross- 
overs, etc.) rather than toward mere 
avoidance of exposures. 

Uniformity of separation and avoid- 
ance of crossovers or other discontinu- 
ities are of great value because they per- 
mit telephone transpositions to be highly 
effective in reducing noise due to induc- 
tion directly into metallic telephone cir- 
cuits. Where additional inductive co- 
ordination measures are required, they 
are usually directed toward the control 
of power system influence and telephone 
circuit susceptiveness. The remainder of 
this article will be devoted to a brief dis- 
cussion of these latter two subjects. 


POWER SYSTEM 
INFLUENCE 


The discussion under the heading of 
power system influence is entirely con- 
fined to rural power systems operating 
in the range of 11 to 13-kv and having 
single-phase extensions consisting of 
phase wire and neutral or two-phase 
wires. Some of the factors discussed are 
considerable different for other classes of 
circuits. Also, the discussion applies par- 
ticularly to the influence of these circuits 
at roadway separation on either ground 
return or metallic open-wire rural tele- 
phone circuits. 

The differences in influence between 
delta, uni-grounded neutral four-wire 


and multi-grounded neutral four-wire 
circuits and their single-phase extensions 
have been the subject of many recent dis- 
cussions. Table No. 1 shows that for the 
11 to 13-kv class of three-phase rural cir- 
cuits and the 6.9 to 7.6-kv class of single- 
phase circuits, there is not much differ- 
ence between uni- and multi-grounded 
neutral circuits, and that what difference 
there is, tends to be in favor of the multi- 
grounded neutral circuit. 

These data, taken from a report of 
the Joint Subcommittee on Development 
and Research of the Edison Electric In- 
stitute and the Bell System’, throw much 
light on this subject in that they show 
what happened in a number of cases 
when uni-grounded neutral 11-13-kv cir- 
cuits and single-phase extensions thereof 
were converted to multi-grounded neu- 
tral circuits. Since all factors except the 
neutral grounding conditions remain un- 
changed, this comparision is the most 
valid practicable. 

A summary of the test results showing 
how delta circuits compare with other 
types is given in Table 2. These data 
show that in the 11-13-kv class, the 
three-phase delta circuits tested had no 
advantage in general from the induction 
standpoint over uni- or multi-grounded 
neutral circuits. 

The single-phase extension from a del- 
ta 7.2-kv circuit tested had almost as 
high a ratio of ground return I.T to 
phase I.T as the average of the exten- 
sions from 11-13-kv multi-grounded neu- 
tral circuits and half as high a ratio as 
the average of the extensions from 1 1-13- 
kv uni-grounded neutral circuits. (Inci- 
dentally, this table also shows the same 
general indication as to the relation be- 
tween multi- and uni-grounded neutral 
circuits as the previous table; also, it 
shows that the range of values in any 
one class of three-phase circuit is much 
larger than the average range between 
different classes. ) 

It was not practicable in the tests to 
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Table No. 1. The comparisons illustrate the reactions in a number of cases when 
uni-grounded neutral 11-13-kv circuits and single-phase extensions thereof were con- 
verted to multi-grounded neutral circuits 


Number 


Compari- 
sons 
Type of Circuit 
Three-phase 11 to 13-kv circuits 
fed from delta-Y transformer 
Ne ree a Pearna enc dks sacha wee 7 
Three-phase 11 to 13-kv circuits 
fed from direct-connected gen- 


AS eee as 9 
Single-phase 7.6-kv circuits metal- 
lically connected to three-phase, 
four-wite circuits ............. 4 
Single-phase 6.9 to 7.6-kv circuits 
fed through single-phase trans- 8 
NEED van te Soreness sk ost e aes 2 — 
Total 28 


Number of Cases Where 
Ground Return I,.T 
Product* Went Down 
When Circuit Was 
Converted from 
Uni-Grounded to 
Multi-Grounded 
Neutral 


Nuinber of Cases Where 
Ground Return I.T 
Product* Went Up 
When Circuit Was 

Converted from 

Uni-Grounded to 

Multi-Grounded 
Neutral 


ve 
oO 


0 4 
3 5 
9 19 


* LT. product means the magnitude of a current (as measured with an ammeter) times its T.I.F 
(the significance of which is discussed later). It has been found that, for rural distribution circuits of 


the class discussed here, the ground return I.T. product usually controls the inductive influence, rs x 
Similiar data are given in the report and in an A.I.E.F 


exposures near the outer ends of circuits. 


for 


paper? based on this report, with regard to voltage induction but they are not reproduced here. The 
compatison for voltages shows no great difference for the two classes of circuits. 








get comparisons on the same-circuit oper- 
ated delta and then with uni- and multi- 
grounded neutral; but by using the ratio 
of ground return I.T to phase I.T, the 
limitations involved in making compari- 
sons between different circuits are mini- 
mized. 

(From a practical standpoint, there 
is no reason why the phase I.T should 
be different for delta than for grounded 
neutral circuits if both circuits are the 
same otherwise—that is, have the same 
voltage, layout, wave shape, etc.—so that 
this ratio is a reasonable measure of the 
relative ground return I.T for delta and 
grounded neutral operation. ) 

The remaining class of circuit is the 
single-phase isolated (non-grounded ) cir- 
cuit. As long as the wires of such a 
circuit are kept free from grounds, acci- 
dental or otherwise, its influence is rela- 
tively low. ~However, since this circuit 
has certain serious disadvantages from 
safety as well as power operating stand- 
points, it has not been widely used. 

Now we come to the factors which, 
from a practical coordination standpoint, 
are of the greatest importance in connec- 
tion with power circuit influence. They 
are: 

(1) Wave shape (i.e., the magnitudes and 
frequencies of the harmonics). 


(2) Balance of the three-phase portions 
of the power circuit. 


In order to appreciate the importance , 


of these factors it is necessary to deal 
with them in terms of the harmonics in 
the power system voltages and currents ; 
that is, the voltages and currents having 
frequencies which are multiples of the 


fundamental. Let us first see why, in any 
power circuit, it is the harmonics which 
are important from the noise frequency 
induction standpoint. 

Through years of study and experi- 
ments the relative interfering effects of 
currents and voltages of different fre- 
quencies have been derived. Fig. 1 shows 
these relative effects for a number of the 
commonly-encountered frequencies (the 
reasons why the different frequencies 
have different effects and the meth- 
ods used in evaluating these effects, 
are amply covered in existing litera- 
ture® *5 and need not be discussed 
here). 

It will be noted that the range of influ- 
ence effects of different frequencies is 
very large—to take the extreme, the in- 
fluence of one ampere of 1020-cycle cur- 
rent is nearly 12,000 times as much as 
one ampere of 60-cycle current—so that, 
even though the harmonic currents and 
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voltages on a power system are usually 
relatively small in comparison to the fun- 
damental, their effect on influence is con- 
trolling. The order of magnitude of this 
control can be visualized by a simple il- 
lustration : 

As a general measure of the influence 
of a voltage or a current, the product of 
“TIF” (Telephone Influence Factor) 
times the voltage or current is frequently 
used and is referred to as the Kv.T or 
I.T product. This factor is the square 
root of the sum of the squares of the 
products of the magnitude of each har- 
monic present in the particular voltage 
or current under consideration and the 
appropriate weighting factor taken from 
the curve of Fig. 1. 

To obtain the TIF alone, this value 
is divided by the r.m.s. voltage or cur- 
rent as measured by an ordinary volt- 
meter or ammeter. A TIF of 20 for a 
voltage or current is not at all unusual; 
but it means that the influence of that 
voltage or current is 20 times as great as 
the influence of a pure 60-cycle voltage 
or current of the same magnitude would 
be. Instruments containing weighting 
networks are available for measuring 
these quantities directly. 

For rural power circuits of the 11 to 
13-kv class, it is particularly important 
in considering inductive influence to 
think in terms of harmonics; not only 
because the harmonics are controlling in 
the influence but because the harmonics 
may arise at different places than the 
fundamental, follow different paths and 
be controlled by different factors. 

Perhaps one of the most striking il- 
lustrations of this is in connection with 
a uni-grounded neutral or delta circuit. 
On a uni-grounded neutral or delta cir- 
cuit, there is, of course, practically no 
60-cycle current in the earth, but a rela- 
tively large proportion of the harmonic 
current may be in the earth—and it is 








Table No. 2. Summary of tests which shows how three-phase delta circuits compare 


with other types of circuits 





Number of 


Type of Circuit 

Three-phase three-wire 11-kv delta...... 
Three-phase, four-wire 11-13-ky_ multi- 
grounded neutral fed from delta Y 
ee CES OEE OCCT OED 
Three-phase, four-wire 11-13-kv  uni- 
grounded neutral fed from delta Y 
ne SEC CECE ny Le TEST lia Se 
Single-phase extension, metallically con- 
nected to 7.2-kv delta circuit........... 
Single-phase extension from 11-13-kv 
multi-grounded neutral system.......... 
Single-phase extension from 11-13-kv 
uni-grounded neutral system 





Ratio of Ground Return I.T to Phase I.T 





Cases Tested Average Minimum Maximum 
a 55 -16 .80 
12 36 10 81 
7 42 16 92 
1 ll 
4 62 58 64 
+ $2 78 86 
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the earth return harmonic current influence of, the three-phase circuit will 


(ground return I.T product) which is 
usually the controlling factor in induc- 
tive influence, as pointed out previously. 

In fact, the amount of harmonic earth 
return current may be—and frequently 
is—greater for delta or uni-grounded 
neutral circuits than for multi-grounded 
neutral circuits even though the 60-cycle 
earth return current is much smaller. 
(For those who would like to inquire 
further into the technical reasons for this, 
the brief discussion given in the appendix 
may be of interest.) ° 

Now, thinking in terms of harmonics, 
it is evident that one of the important 
factors in the influence of a rural power 
circuit (regardless of whether the neu- 
tral is uni-grounded, multi-grounded or 
not grounded at all) is the wave shape 
of the voltages impressed on the circuit 
(ie., the frequencies and magnitudes of 
the harmonics in them), since the har- 
monic voltages acting on the capacitances 
and impedances involved determine the 
ground return I.T, as well as the influ- 
ence of the voltages themselves. 

The other important factor just men- 
tioned, is the balance of the three-phase 
system. Thinking still in terms of har- 
monics, it is usually more important on 
11 to 13-kv lines to secure the best prac- 
ticable balance among the capacitances to 
earth of the three-phase wires than to se- 
cure good balance among the loads on 
the three phases. The balance of these 
capacitances is controlK4 very largely by 
the single-phase extensions connected to 
the three phases. 

If the number and lengths of the ex- 
tensions are nearly equal for the three 
phases, and are distributed reasonably uni- 
formly along the three-phase wires, the 
ground return I.T in, and hence the 


be much lower (for given wave shape 
conditions) than if there is a large differ- 
ence in the lengths and locations of the 
extensions. 

The effects of the two factors just 
mentioned—wave shape and circuit lay- 
out—are much more important and show 
much greater variations between different 
circuits than the effects of the neutral 
grounding arrangements. It is not out- 
side of the range of possibility that vari- 
ations in influence of as much as 100 to 
1 may occur between different circuits 
due to variations in these factors (which 
it will be observed later, is the same 
general order of magnitude as the dif- 
ference in susceptiveness between metal- 
lic and ground return telephone cir- 
cuits). 

So far, little has been said about the 
effects of loads and load transformers. 
This is because they are not as important 
on 11 to 13-kv rural lines as the other 
factors discussed—with one exception. 
Occasionally, some unusual load» (such 
as a large motor with bad wave shape) 
may generate considerable harmonics 
which may give rise to an inductive co- 
ordination problem similar to that which 
may be caused by harmonics in the im- 
pressed voltage. 

As to the effects of load transformers 
—on 11 to 13-kv circuits, with present 
standard transformer designs and with 
good voltage regulation, the magnitude 
of one of the higher harmonics in the im- 
pressed voltage is usually much more im- 
portant than all of the transformers on 
the circuit put together. 

One other point may be worth men- 
tioning: It was pointed out previously 
that the influence of rural power lines is 
controlled by the ground. return har- 
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monic currents or occasionally by the 
harmonic residual voltages. Power cir- 
cuit transpositions have no effect on the 
induction from ground return or resid- 
ual components so that they are usually 
not worth while in rural power distribu- 
tion circuits. 


TELEPHONE CIRCUIT 
SUSCEPTIVENESS 


There are two general types of rural 
telephone circuits which have been used 
quite extensively—the ‘“‘ground return” 
and the “metallic.” The difference in 
susceptiveness between these two classes 
is quite large—the ratios found by the 
Joint Subcommittee on Development and 
Research being in the order of 100 to 1. 

Why there is inherently a large dif- 
ference can be readily shown. The volt- 
age directly induced into a metallic tele- 
phone circuit is only the difference 
between the voltages induced into the two 
wires of the circuit due to the fact that 
they are at different distances from the 
power line. For a ground return cir- 
cuit, however, the induction into the 
wire is impressed directly in the talking 
circuit. An example may clarify this: 

Consider one wire of a telephone cir- 
cuit at a separation of 50 feet from a 
power line. The induced voltage per 
1000 feet of exposure per ampere of 
earth return, 1140-cycle current on the 
power line, is about .87 volt.® For a wire 
51 feet from the power line (the other 
side of the metallic open-wire pair) the 
induced voltage per 1000 feet of ex- 
posure per ampere of earth return 1140- 
cycle current is about .863 volt. 

For a ground return circuit the in- 
duced voltage in the talking path at this 
frequency would be .87 volt (or .863 
volt, depending on which wire is used), 
whereas for the metallic circuit made up 
of those two wires the induced voltage 
in the talking circuit would be only the 
difference between .87 and .863, or .007 
volt. 

In this example the ratio between the 
induced voltages for the two classes of 
circuits is about 120 to 1. The voltage 
in the metallic circuit is fequently re- 
ferred to as the “direct metallic circuit 
induction.” 

In practice the voltage at harmonic 
frequencies in the metallic circuit may be 
considerably lower or higher than this 
inherent difference indicates. If the cir- 
cuit is suitably transposed, the direct 
metallic circuit induction may be greatly 
reduced. To illustrate this let us use 
the example just discussed: 

Suppose that, in the middle of the 
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1000-foot exposure considered in this 
example, the positions of the two tele- 
phone wires were interchanged ; then the 
first wire would have a voltage along it 
of aa > 883 or .867 volt. The second 
wire would have a voltage along it of 
263 , 870 
2 2 

There would, therefore, be not volt- 
age tending to cause noise in the metal- 
lic circuit. Of course, in practice this 
degree of perfection cannot be secured; 
but the direct metallic circuit induction 
can frequently be reduced by a large 
amount by the use of suitable transposi- 
tions, particularly if the relative locations 
of the lines have been coordinated. 

In an actual telephone line the trans- 
positions are, of course, usually laid out 
and installed in accordance with regular 
patterns which minimize crosstalk be- 
tween different telephone circuits as 
well as induction from power circuits. 

The actual voltage acting in the me- 
tallic circuit may be higher than the in- 
herent difference would indicate if the 
circuit is not well balanced. Unbalances 
may be of any of a large number of 
types, but the more common fall into the 
following classes: 


or, again, .867 volt. 


1. Series resistance differences between 
the two wires of the circuit, usually due to 
resistance in the joints in the line wires. 

2. Leakage differences between the two 
wires of the circuit, usually due to foliage 
growing into the line, missing insulators, 
wires against poles, dirt in protectors, etc. 

3. Differences in the impedances to ground 
of the two wires at telephone stations, usu- 
ally due to unbalanced connections of ringers 
of the lower impedance type to ground at 
the stations. 

4. Differences in the impedances between 
the line wires to a ground connection in the 
line circuits or cord circuits in central offices. 


The reason that unbalances can cause 
noise in the metallic talking circuit can 
be explained rather simply. Assume that 
we have a metallic telephone circuit in 
a relatively severe inductive exposure so 
that a substantial voltage exists on or 
along the wires of the circuit. Assume 
further that the exposure is perfectly 
uniform and the telephone circuit is per- 
fectly transposed so that the direct me- 
tallic circuit induction is unimportant. 

All telephone circuits have sufficient 
admittance to ground so that some har- 
monic current due to induction can flow 
in the wires. Now suppose that at some 
point in the circuit there exists a joint 
in one of the line wires having appre- 
ciable resistance. 

The harmonic current in that wire 
flowing through this resistance will cause 
a harmonic voltage drop which is not 
matched by a similar voltage drop in the 
other wire and which, consequently, can 
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Fig. 2. Paths of harmonic charging cur- 
rent on short, uni-grounded single-phase 
line 


drive current around the metallic circuit. 
This current, flowing through the re- 
ceivers at the ends of the circuit, may 
be heard as noise. 

Likewise, if there is more leakage on 
one wire of the circuit than the other, or 
if there is a difference in the impedances 
of the two wires to ground from any 
cause, the harmonic voltages between the 
wires and ground will drive more cur- 
rent through the wire with the lower 
impedance to ground and the greater 
voltage drop in this wire will tend to 
drive current around the metallic cir- 
cuit. 

It can readily be seen that a metallic 
circuit can be quiet in the presence of 
a strong inducing field only if it is ade- 
quately transposed and well balanced. 
Perfection, of course, cannot be secured 
and, consequently, while the metallic cir- 
cuit is much less susceptive than the 
ground return circuit it is by no means 
immune to induction. 

Conversely, it may be said that while 
the ground return circuit is much more 
susceptive than the metallic circuit, it 
can be operated under certain limited 
exposure conditions. It is fair to state, 
however, that the advantages from the 
induction standpoint of the metallic cir- 
cuit are very great; not only because of 
the inherent improvement in susceptive- 
ness but also because it lends itself more 
readily to the application of coordinative 
measures. 

This article makes no attempt to dis- 
cuss the wide range of coordinative mea- 
sures available for application to the 
power and telephone systems; much less 
does it attempt to tell what measures 
would be best for any particular situa- 
tion. An array of such measures is avail- 
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able and new ones are constantly being 
developed. 

There is, however, no panacea; and 
long experience has demonstrated that 
the only way to secure adequate and eco- 
nomical cordination is for the telephone 
and power engineers to work together 
to obtain the best engineering solution 
of each problem as it arises. If they 
pay attention to the power system wave 
shape and balance and the telephone sys- 
tem balance and transpostions, the way 
is not too hard. 


APPENDIX 

This appendix discusses very briefly 
some of the underlying factors affecting 
the ground return harmonic currents 
on 11-13-kv rural power circuits and 
single phase extensions thereof. 

The starting point in this analysis is 
the capacitance to earth of the wires of 
the circuit. (For 60 cycles these ca- 
pacitances can usually be neglected.) 
Consider Fig. 2, which, for simplicity, 
shows the capacitances involved in a 
short single-phase extension from a uni- 
grounded neutral circuit. 

The numbers opposite the capacitances 
denote their approximate relative mag- 
nitudes. (Neglect the inductances L,, 
L, and M for the time being.) It can 
be seen that for a harmonic voltage E, 
impressed at the source, a harmonic cur- 
rent I; will flow in the phase wire and 
that about three-quarters of this current 
will go to ground and become ground 
return. 

Fig. 3-A shows the same circuit as 
Fig. 2, but now it is multi-grounded. 
All that multi-grounding does in this 
case is to short-circuit the capacitance 
between the neutral and earth, thus per- 
mitting the division of current between 
the neutral and earth to be controlled 
by the self and mutual impedances (Ly, 
L, and M) rather than by the relative 
capacitances (see Fig. 3-B). 

The self and mutual impedances are 
such in the usual case that about 50 to 
60 per cent of the charging current is 
earth return rather than the 75 per cent 
which occurred in the uni-grounded 

(Continued on page 423) 
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Bibliographic Potentialities of Electric Utilities 


By Charles L. Palmer 
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San Joaquin Power Division, Pacific Gas & Electric Company 


r | SHE problem of utility public re- 
lations lies not alone in those 
measures designed to meet the ex- 

igencies of the moment but also in the 

long time development of a public com- 
prehension of the place in the national 
and local life occupied by the utilities. 

There are, of course, many ways of 
developing such a comprehension and 
these, in the main, have been discussed 
and written about from the time the 
first utility public relations problem 
arose. Yet there is one phase of public 
contact which is valuable in the dis- 
semination of factual information about 
utilities, which should aid in the cre- 
ation of favorable understanding of the 
utilities, particularly electric utilities, 
and which has been entirely overlooked. 
This phase is the development of a 
popular literature, not alone about the 
utilities themselves as such, but also 
about the men who created them and 
who operate them. 

It is extremely doubtful if there is 
an electric utility in the- country today 
that has not built up some traditions 
connected with its pioneers. Certainly, 
those engineers, financiers, administra- 
tors and operating men of fifty or more 
years ago, feeling their way along in a 
new and untried field and building their 
communities as they themselves pro- 
gressed, encountered obstacles and: de- 
veloped solutions to their problems as 
they went along that not only would 
make good reading today but would 
tend to throw the light of public un- 
derstanding on the reasons why any par- 
ticular utility has developed as it has. 


There is a lack of popular literature 
about the electric utilities and the men 
who made them. Some information can 
be found in the reference rooms of the 
better libraries, but there is neither com- 
prehensive nor specific, especially spe- 
cific, information on utilities or utility 
men written for public consumption 
available in volumes of general circula- 
tion. The New York Public Library, 
with all its vast resources for biblio- 
graphic research, in response to a re- 
quest, listed only one popular history 
of the electric industry in the United 
States, The Story of Electricity, .by 
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Thomas Commerford Martin and 
Stephen Coles, and that published in 
1919. Further, that one volume gen- 
erally is not available in the average 
public library, but is to be had only by 
recourse to research libraries. The New 
York Public Library provides a bibliog- 
raphy of electrical inventors and physi- 
cists, but most ‘of the references are 
thumb-nail biographical sketches and 
there is not one popular biography of 
any electric utility founder or subse- 
quent operator listed. 


The Smithsonian Division of the 
Library of Congress submits a similar 
list, but F. E. Brasch, Chief of the 
Division, says: 

“Biographies of those who have aided 
in the operation and financing of elec- 
trical utilities .are inexhaustible, and 
would require too much time to pre- 
pare. Owing to the length and variety 
of such a list, we would recommend 
that the inquirer consult Moody’s Man- 
ual of Industry for a list of Directors 
and Officers of electrical concerns, many 
biographies of whom may be found in 
Who’s Who.” 

Mr. Brasch is correct. The brief 
facts of birth and position of many elec- 
tric utility leaders may be found in ref- 
erence volumes, such as Who’s Who, 
but this only serves to emphasize the 


lack of popular writings giving details 
of their lives and times. 

Yet even the biographical information 
available for research is not complete. 
The National Cyclopedia of Biography, 
as indicated by White’s Conspectus for 
1935, carries brief biographical sketches 
of but four of the fifteen presidents of 
the American Institute of Electrical En- 
gineers between the years 1921 to 1935 
inclusive. These four are Frank B. 
Jewett, Michael Pupin, Bancroft Gher- 
ardi and William S. Lee. Now, the 
National Cyclopedia of Biography is 
primarily a reference work and cer- 
tainly is not a popular volume, nor are 
the various presidents of the American 
Institute of Electrical Engineers essen- 
tially electric utility officials. 

A similar dearth of popular electric 
utility information is to be found in 
other libraries than the New York Pub- 
lic Library or the Library of Congress. 
The development of electric utilities 
and electric service has been as out- 
standing in the State of California as 
in any other state in the nation. The 
very fine and very beautiful bibliography 
of Californiana prepared by Robert 
Emmett Cowan and Robert Graniss 
Cowan, and printed by John Henry 
Nash, lists no single volume dealing 
with the development of electricity in 
that state, with the history of any Cali- 
fornia utilities, either for popular or 
research purposes, nor with the lives of 
any of the men who pioneered and de- 
veloped the electric industry in that 
state. The California State Library is 
without such volumes and, by inference, 
through failure to answer inquiries, so 
is the Bancroft Library of the Univer- 
sity of California. It is entirely rea- 
sonable to suppose that similar condi- 
tions obtain in similar libraries in other 
states and other localities. 


What, then, is the nature of the lit- 
erature available about the electric in- 
dustry and the men who developed their 
electric utilities? Hungerford, in his 
volume, The Story of the Utilities, de- 
votes one chapter to the treatment of 
electric utilities. The rest of the book 
treats of other utilities, particularly 
railroads, on which Hungerford is an 
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authority. This volume is written in a 
popular vein and is one of the few vol- 
umes of its kind giving a popular, if 
brief, up-to-date story of the electric 
utilities. A reference volume, Men and 
Mergers, by Dr. Hoxie, discusses the 
financing of electric utilities, but this is 
not listed in most library catalogs. 

There have been, of course, numerous 
magazine articles dealing with the elec- 
tric utilities, both for and against, but 
in the main these have discussed social 
aspects of electric power. To get even 
this information from magazines very 
difficult research work is necessary and 
it is sometimes essential to know the 
name of the author or the title of an 
article before it can be located. The 
utility industry does have a literary pub- 
lication in the Public Utilities Fort- 
nightly, but this is written for execu- 
tives, accountants and engineers within 
the industry and by no means can be 
regarded as filling the need for popular 
literature on the industry. 


In a typical library serving an urban 
and rural population of approximately 
150,000, there are some three hundred 
volumes dealing directly or indirectly 
with electrical subjects. These are pri- 
marily textbooks, research material or 
discussions for or against public owner- 
ship of electric utilities. There are, in 
the list, exactly two histories of elec- 
tricity, A Century of Electricity, by 
Mendenhall, published in 1887, and 
The Story of Electricity, by John 
Munro, published in 1902, and neither 
of these deals with the electric utility 
field of today. 

As has been said, there are no popu- 
lar biographies listed of the men who 
built even the major utilities of the 
country. There is one biography, in 
this instance the Autobiography of John 
Hays Hammond, mining engineer, in 
which he briefly touches upon his part 
in the electrical development of the 
West. There are biographies of Thomas 
A. Edison, Charles Proteus Steinmetz, 
Benjamin Garver Lamme, Michael 
Pupin, Elihu Thomson and other elec- 
trical engineers, inventors and _physi- 
cists, but they were not primarily elec- 
tric utility men. 

Most important, there is a propor- 
tionately heavy number of volumes by 
Stuart Chase, Gruening and others, ad- 
vocating political control and operation 
of electric resources. There is a report 
of the collective operation of electric 
resources in the Union of Socialist 
Soviet Republics. 

Finally, there is one novel, The Rules 
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of the Game, by Stewart Edward 
White, in which the author sandwiches 
an attack on electric utility methods 
into a book on the lumber industry. 

This typical library is probably a lit- 
tle better than average in the number 
of volumes available. In the reference 
room and not available for circulation 
are government reports, utility commis- 
sion reports and state reports on water 
and power resources; highly statistical 
and by no means to be considered en- 
tertaining, even though educational, 
reading. There are the usual reference 
books and volumes treating of individual 
inventors and physicists. There is a 
pamphlet, dated 1923, giving the re- 
sources of the Pacific Gas and Electric 
Company. There is a small volume, 
published that same year, giving the 
principles and ideas of Henry L. Do- 
herty and published for the guidance of 
men in the Doherty organization. 
There are volumes on electric currents, 
electric discharges, electrical engineer- 
ing, electric lighting, electric motors, 
electric meters, electric occupations, elec- 
tric resistance, electric safety orders and 
on the social aspects of electric power. 
The list is impressively educational and 
highly technical but a study of publica- 
tion dates would indicate that the major 
part of the selection, with the exception 
of the political volumes, is sadly out of 
date. 

These are the volumes that the gen- 
eral public finds when it goes to this 
library for information about the elec- 
tric industry; about electric utilities and 
about the men who built them. 


There is only one conclusion that can 
be derived from an inspection’ of the 
electrical volumes in the average public 
library, viz.: the electric industry as a 
whole is inadequately represented, even 
in reference volumes, and the main 
representation that is given to electric 
utilities is in the form of volumes at- 
tacking those utilities from the stand- 
point of political or economic theories. 
And, repeating for emphasis, there is 
no popular literature of any sort dealing 
with the electric utilities or the men 
who built and operate them. 

On the other hand, there are _his- 
torical and biographical volumes dealing 
with the railroad industry, the steel in- 
dustry, the automotive industry, the 
banking industry, to name a few, and 
with the men responsible for the devel- 
opment of those industries. Yet these 
industries and their leaders have accom- 
plished no more for the advancement 
of social and economic standards; have 
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had no more romantic experiences or 
solved no more difficult problems than 
have the men who conceived and nur- 
tured the electric utilities of the coun- 
try. 

In a few instances, biographies of util- 
ity founders and executives have been 
written and _ published privately as 
memorials by their own organizations. 
Two such volumes come to mind. One 
treats of the life of L. L. Nunn, foun- 
der of the Telluride Power Company, 
most of which later became the Utah 
Light and Power Company, and the 
other is about the life of William G. 
Kerckhoff, of the Pacific Light and 
Power Company, now part of the 
Southern California Edison Company, 
Ltd. system, and also once president of 
the San Joaquin Light and Power Cor- 
poration, now part of the Pacific Gas 
and Electric Company system. But vol- 
umes such as these are few and far be- 
tween and, as testimonials, cannot be 
expected to maintain the full impartial- 
ity essential to complete acceptance as 
reference biographies, although they are 
authoritative as far as they go. 


If biographies of men in the electric 
industry, and if histories of the electric 
utilities are to be written, an impartial 
attitude must be maintained. The rec- 
ords will speak for themselves. General 
credence in such attempts at public 
literature will be lost if argumentative 
explanations of debatable points are pre- 
sented. And if general credence is lost 
the public relations value of such lit- 
erature will be lost. To be of greatest 
value in building public relations, sym- 
pathetic yet factual presentations of con- 
troversial questions are necessary in 
writing the lives of industry leaders. In 
such biographies it is always permissible 
to draw conclusions but never solely on 
the basis that the end justifies the means, 
nor without presenting the facts and 
conditions of both sides of any contro- 
versial question at the time that question 
was decided—not in the light of later 
knowledge. The public relations value 
of public opinion reached voluntarily on 
facts impartially presented is far more 
lasting than opinion induced through 
argument. 

To this end, it is essential that elec- 
tric utilities and the electric industry 
in general offer every facility to biog- 
raphers and historians seeking records 
and information. The records will 
speak for themselves. Yet it is entirely 
possible that the present lack of popular 
literature about utilities, utility founders 
and executives is partially due to the 
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difficulty encountered in gaining access 
to source material. It cannot be due to 
any assumption that the men of the 
industry have not been worth writing 
about. 

The fault does not lie wholly with 
the utilities, however. Here is a whole 
field for biographical and historical re- 
search that has never been touched by 
the writing fraternity and on that group 
lies some of the blame. From the stand- 
point of the writer and from the stand- 
point of the publisher such material is 
unquestionably marketable if it is pre- 
sented in popular and comprehensive 
form and maintains a reasonable stand- 
ard of literary excellence, but it cannot 
be argumentative, didactic or technical. 
Sales rights and royalties should prove 
compensatory for the research required. 

It is not even necessary to go out- 
side the electric utility industry to find 
men and women capable of unearthing 
and writing the information essential 
to such works as are under discussion. 
There are many trained writers in the 
industry; they are capable and, in most 
utilities, have served their localities long 
enough to feel the traditions of the at- 
mosphere and circumstances surrounding 
their subjects. These men and women 
in the industry will have more ready 
access to dusty utility records and 
greater facility in interpreting the tech- 
nicalities of electrical language into 
terms capable of lay comprehension. 
Finally, these men and women, while 
maintaining an impartial attitude in the 
selection and discussion of material, will 
not have a bias of current too prevalent 
social or economic theories and can make 
sensitive presentations of material avail- 


able. 


Most important of all is the fact that 
the electric utility industry has had a 
life of approximately three score years. 
Most of the men concerned with the 
founding of any utility are no longer 
living. Those that are have but a few 
short years, at most, in which to offer 
for record their first hand recollections 
of circumstances and events. The his- 
torical value of the memories of the 
pioneers still living is a heritage of the 
utility industry that soon will be lost 
unless immediate efforts are made to 
preserve it. The importance of this can- 
not be overemphasized. Bare fact, with- 
out the enlivening chiaroscuro of anec- 
dote and memory, is a dull and uninter- 
esting picture, indeed, and early records 
soon will lose the supporting charm of 
contemporary memoirs unless steps are 
taken to preserve the latter at once. 
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Now, while it cannot be argued that 
the development of a popular and factual 
literature about the electric utility in- 
dustry and its outstanding figures will 
have any immediate beneficial effect 
upon the current public relations prob- 
lems of the electric utilities, it can be 
stated that such a literature will have 
an indirect but helpful effect on them 
in the future. The development of 
such a literature as is advocated here 
eventually, by reason of presenting ac- 
curate and authentic historical informa- 
tion, would bring about a greater public 
understanding of the circumstances sur- 
rounding the development of specific 
utilities by men who have been an in- 
fluence in their communities, and would 
offset much of the misinformation cur- 
rently circulated both about the utilities 
and their executives. A truthful litera- 
ture about the utilities would be a bene- 
ficial addition to reference libraries of 
schools and colleges as well as of public 
libraries. 


On the West Coast, for instance, a 
greater knowledge, brought about by 
the presentation of factual literature, of 
the lives, the aims and the methods of 
such men as John Martin, Eugene De- 
Sabla and John A. Britton of the Pa- 
cific Gas and Electric Company; of 
John B. Miller and R. H. Ballard of 
the Southern California Edison Com- 
pany, Ltd.; of Albert Graves Wishon 
of the San Joaquin Light and Power 
Corporation, and many others, would 
permit a greater public understanding 
of the reasons why the electric utilities 
of the West have been able to develop 
their services to their present high stand- 
ards and might well add to local pride 
in those utilities. The life of Henry 
L. Doherty, who has been mentioned, 
would be an integral part of any lit- 
erature on the utility industry. The 
political and administrative genius of 
Wendell L. Willkie and the financial 
acumen of Harrison Williams and Syd- 
ney Z. Mitchell are vital parts of utility 
history that should be recorded for pos- 
terity. Further, an impartial analysis 
of the life and works of Samuel Insull 
probably would develop that the bene- 
fits be conferred by his activities are 
more lasting than any damage he may 
have inflicted. These are just a few of 
the possibilities the field offers. 

To summarize, an examination of 
catalogs of even the finest libraries re- 
veals the lack of any popular literature, 
biographical or historical, concerned 
with the electric utility industry and its 
executives, though other industries, no 
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more important, are well represented. 
The libraries would list such literature 
if it had been published. A popular lit- 
erature should be developed to fill that 
need. Such works should be factual 
and impartial rather than argumenta- 
tive, didactic or technical. There are 
men and women in the electric utility 
industry trained to write and capable 
of producing such volumes. They should 
be given free access to utility records 
and should draw at once upon the rec- 
ollections of those electric pioneers yet 
alive who can throw the light of first 
hand information on early day circum- 
stances. Such biographies and histories, 
if properly compiled, would prove mar- 
ketable and would find their way into 
public acceptance through the medium 
of public libraries and the reference 
libraries of schools and colleges. Au- 
thentic information on specific utilities, 
made available in this way, would have 
an indirect but lasting influence upon 
public understanding of the electric util- 
ities and their problems, and this, in 
turn, would have a beneficial effect 
upon the public relations problems of 
the electric utilities. 

Serious and immediate consideration 
of this proposal is urged upon the sev- 
eral electric utilities of the nation. The 
utilities have nothing to fear from the 
truth. 

The field is open and the material is 
still available. 


An Effective Load Building 
Device 


(Continued from page 389) 


such a manner that brush contactors or 
photo-electric cells could be made to op- 
erate a “counter” for each station, in- 
dicating at all times, on the “counter,” 
the economic load for the station. By 
proper circuit design another “counter” 
can be made to indicate the total de- 
mand or output of all stations. If de- 
sired, the economic load thus indicated 
for each station can be transmitted di- 
rectly to the station and there give re- 
mote indication or even remote control 
of the load. In building one of these 
devices, the value and cost of each fea- 
ture must be weighed. The device, as 
shown in Fig. 2, is one that has given 
excellent results in actual use over an 
extended period of time. Its design can 
be clearly seen in the photograph, and 
it probably represents the simplest and 
cheapest method of construction of a 
device offering such flexibility in use. 
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Studies on Conductor Vibration 
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A paper presented before a meeting of the Transmission and Distribution Committee, E.E.lI., 


ITHIN recent years the prob- 

lem of conductor vibration has 

received more than passing at- 
tention from those associated with the 
field of electrical. power transmission. 
This fact is amply attested by the nu- 
merous articles which have appeared on 
this subject in transactions of the Amer- 
ican Institute of Electrical Engineers, 
and other publications. Discussion, how- 
ever, has been concerned mainly with the 
causes and nature of the vibration phe- 
nomenon as it exists in a transmission 
line. Very little has been said about the 
metallurgical relation of conductor vi- 
bration to the fatigue of metals, for only 
within recent years has equipment been 
made available upon which this metal- 
lurgical-mechanical phase of the problem 
can be studied. 

Increased activity in the rural electri- 
fication programs of both the govern- 
ment and the utilities has made necessary 
an intensification of these studies. This 
is essentially due to the fact that the 
economics of rural distribution line con- 
struction necessitates the development of 
light-weight, high-strength conductors 
which can be strung to high mechanical 
tensions, to permit unusually long spans 
between poles. While such a trend in 
design is progressive, and represents a 
most efficient use of conductor material, 
it nevertheless has, for reasons which will 
be shown later, aggravated the vibration 
fatigue problem to the extent that it is 
perhaps the most important single prob- 
lem with which one has to deal in the 
construction of such rural lines. 

It is the purpose of this paper to re- 
view, briefly, the nature of conductor 
vibration phenomenon with which we are 
confronted to show its relation to the 
fatigue properties of conductor metals, 
and to describe what is being done in 
the field and laboratory to. overcome in 
a practical fashion the damaging effects 
of this undesired motion. 


Characteristics of Conductor Vibration 


A discussion of conductor vibration 
involves two distinct types of motion. 
The first is a low-frequency, high-ampli- 


*“*Flussigheits und Luftwiderstand,’’ von Karman 
on eee, Physik Zeitschnift, Vol. 13, 1912, 
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tude displacement of the conductor, 
which is commonly known as the “‘danc- 
ing” or “galloping” conductor. This is 
a phenomenon which results from a spe- 
cial set of conditions, namely, the for- 
mation of sleet on the line, coupled with 
a lateral wind. When the sleet forms 
in such a way that the normally round 
cross-section of the conductor is changed 
into one resembling an air foil, aerody- 
namic forces are derived from the wind, 
resulting in a lifting or depressing motion 
of the conductor at a very low frequency, 
and through an extremely large ampli- 
tude. This situation is at once overcome 
by removal of the sleet, and while the 
motion can cause considerable annoyance 
and damage, the damage is usually of an 
electrical nature, as a result of short cir- 
cuits, or of a mechanical nature, as a 
result of excessive distortion of pole as- 
semblies. Conductor fatigue dees not 
generally occur from this type of motion, 
consequently further comments with re- 
spect to the “dancing” conductor will be 
omitted in what follows. 

The second type of conductor vibra- 
tion, and the one with which we will be 
concerned, is the high-frequency motion 
which is so commonly observed in rural 
lines. Depending on certain conditions, 
this motion may take place at frequencies 
which vary from ten cycles per second 
to over two-hundred per second. Cor- 
responding amplitudes, considered as the 
over-all conductor swing vary from ap- 
proximately 0.2 in. to less than 0.01 in. 
This phenomenon takes place under con- 
ditions which might be considered ideal 
from all other points of view; in fact, 
it is the gentle, but steady wind which 
causes the motion, and the conductor it- 
self need not be covered with ice. 

What the nature of the forces are 


which give rise to this high frequency 
motion may be understood from Figure 
1. This sketch shows the conductor being 
subjected to a lateral wind, which is 
laminar in its flow, and normally exists 
in winds whose velocities vary from two 
miles per hour up to ten miles per hour. 
It is a known fact that a periodic for- 
mation of eddies will occur on the lee 
side of a conductor subjected to such 
an air stream. The theory concerning 
the formation of these vortices has been 
investigated by von Karman? and others. 
In a qualitative fashion the phenome- 
non may be understood by considering, 
as may be assumed in Fig. 1, that the 
boundary friction between the conductor 
and the air stream is greater, in a given 
instance, on the bottom side of the con- 
ductor as compared to the condition ex- 
isting at the top. The normal velocity of 
the wind stream will be somewhat dimin- 
ished at this point, and associated with 
this lower velocity will be an increase in 
pressure, relative to points in the air 
stream at the upper portion of the con- 
ductor. There will be a resulting flow 
of air particles behind the conductor, 
forming a vortex, as shown by the sketch. 
This condition of turbulence, however, 
will impede the flow of air over. the top 
of the conductor, and there will be a 
resulting drop in velocity at this point 
with a corresponding increase in pres- 
sure relative to the bottom. The vortex 
formation will then occur behind the 
conductor, in a manner as if the air 
stream were flowing from the upper side 
of the surface. This condition will upset 
the boundary situation at the bottom, and 
the next vortex will form from below. 
In this rather qualitatively explained 
fashion, there will be an alternate forma- 
tion of eddies, first from the bottom of 














Fig. 1—Air stream 
about conductor 
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the conductor and then from the top. 
Associated with each eddy is a resultant 
pressure, first on the bottom of the con- 
ductor and then on the top of the con- 
ductor. As a result the conductor finds 
itself subjected to periodic impulses 
which occur at the rate of formation of 
the vortices. Studies by Relf and Ower® 
show that within the range of wind 
velocities, during which the air stream 
is laminar, the frequency at which these 
eddies form, or the corresponding pres- 
sure impulse frequency, is proportional 
to the velocity of the wind and inversely 
proportional to the effective diameter of 
the conductor. The frequency formula 
of Relf and Ower has been checked in 
numerous observations made by the Alu- 
minum Company and others, and it is at 
once obvious that the smaller the conduc- 
tor the higher the frequency at which the 
exciting forces impinge upon the sus- 
pended line. 

One must now appreciate the fact that 
the conductor suspended in mid-air rep- 
resents an elastic system very much the 
same as a stretched string, and as a con- 
sequence possesses a great many modes 
of vibration, these being commonly re- 
ferred to as “critical frequencies.” In 
the case of small conductors such as are 
used for rural distribution work, these 
critical frequencies lie so close to one 
another—particularly at the high values 
at which they occur in practice—that the 
periodicity of the alternating pressure 
arising from the conditions of turbulence 
behind the conductor will very nearly 
coincide, if not exactly coincide, with 
some one of the critical frequencies with 
which the suspended conductor can vi- 
brate. A condition of resonance is set up, 
and the distribution line will vibrate in 
relatively short loop lengths, depending 
on the frequencies then being derived 
from the wind at any given time. The 
amplitude through which the conductor 
moves will depend upon its elastic prop- 
erties as well as the amount of damping 
inherent in the conductor system. This 
last will include such boundary condi- 
tions, as ties, hardware, or other acces- 
sory devices used in conjunction with the 
suspended conductor. 

As a result of this vibratory motion, 
there are superimposed upon the static 
stringing tensions existing in the conduc- 
tor, alternating stresses of two charac- 
ters. The first is a bending stress, due to 
the apparently sinusoidal distortion of 
the vibrating conductor. The second 
stress is one due to the stretching of the 


®“The Singing of Circular and Stream-Line 


Wires,” E. F. Relf aod = Ower, Aeronautical Re- 
search Committee, No. 
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Fig. 2—Dynamic and static frac- 
tures of wire 


conductor as it goes into its sinusoidal 
shape, in each of its loops. In addition, 
because of these stresses there is motion 
of the conductor relative to its points of 
support, and serious conditions involving 
abrasion of conductors and ties will in- 
evitably follow. 


Dynamic and Static Failures of Metals 

To thoroughly understand the rela- 
tionship of these alternating stresses to 
the failure of the conductor material, it 
is important to distinguish between a 
fatigue failure, or dynamic failure of the 
metal, and the static failure as commonly 
observed in ordinary tensile testing of 
wire, due to overloading the specimen 
in the field. 

Fig. 2 shows two pieces of wire which 
have been ruptured in the laboratory; 
in one case by a statically applied load, 
and in the second by a dynamic or alter- 
nating stress. The static overload pro- 
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duces in the metal a_ characteristic 
necked-down fracture, resulting from an 
actual flow of the metal during the proc- 
ess of distortion, with subsequent rup- 
ture. Failures of this type are observed 
in conductors as a result of excessive 
loads being applied to the conductor, 
such as those resulting from falling trees, 
heavy ice loads, and even large displace- 
ments resulting from the phenomenon of 
the “galloping” or “dancing” conductor. 
Unless the fracture has been burned as 
a result of the passage of a heavy flow of 
current, such failures are easily recog- 
nized in the field. 

The other wire shows the character- 
istic dynamic failure of metal. This is 
a rupture of the material, with no reduc- 
tion in cross-section. It comes about 
through the formation of a microscopic 
crack, whose origin is at some point of 
maximum stress, a point that is always 
on the surface of the wire in the case of 
conductors and at a position, ordinarily, 
where abrasion or some other agent has 
brought about a weakening of the surface 
strength of the material. Under the in- 
fluence of alternating stresses, this crack 
will propagate through the material, and 
normally will proceed to a point where 
sufficient area has been disrupted, so that 
what remains is insufficient to carry the 
existing stresses imposed upon the struc- 
ture. The failure is then completed, 
much the same as a static overload, so 
that in actual field failures the conductor 
which has failed because of fatigue will 
show a fracture that is partially undis- 
torted as a result of the initial stages of 
the crack propagation, and a portion of 
the cross-section necked-down because at 
that instant the area of metal left was 
insufficient to carry the catenary tensions. 
Here, again, failure of this type can be 
readily recognized with a little experi- 
ence, unless, of course, a burn has com- 
pletely distorted the original formation. 


Relation of Stress to Fatigue 


Let us now consider what laboratory 
studies on the subject of fatigue have 
shown, and how these investigations are 
applicable to the problem of conductor 
vibration. 

Fig. 3 is a Goodman diagram, which 
is a means of representing the character- 
istics of any metal with respect to its fa- 
tigue properties, when subjected to alter- 
nating stresses. Consider, for a moment, 
the extreme left-hand side of the dia- 
gram, which represents the situation in 
which a metal is subjected to alternating 
stresses in compression and tension, each 
of equal magnitude, so that the average 
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stress in the material is zero. It is found 
that under these conditions any material 
will submit, without danger of failure, 
to the widest stress range for an indefi- 
nite number of cycles or alternations of 
stress. It is an unfortunate circumstance 
that heretofore most fatigue studies in 
the laboratory have been based on experi- 
ments subjecting the material to condi- 
tions of this kind. One of the reasons is 
that it has been relatively easy to develop 
fatigue machines such as a rotating-beam 
machine, which submits the metal only 
to that kind of alternating stress which 
passes through an average of zero. Later 
research, with more advanced equipment, 
has shown that if the same material is 
subjected to a stress range which has an 
average value differing from zero, the 
range must be considerably reduced be- 
fore the same metal will undergo an in- 
definite number of stress alternations. 
This reduction in stress range, with in- 
creased average stress, is so pronounced 
with most metals, that considerable care 
must be exercised by designers in devel- 
oping structures subjected to this type of 
loading. This behavior of metals has a 
direct and important bearing on the life 
of a conductor, for obviously, as the 
economics of rural construction with re- 
spect to distribution lines has led to the 
development of high strength conductors, 
the stringing stresses thus represent the 
average stress about which the alterna- 
tions due to vibration take place. Con- 
sequently, as may be concluded from the 
foregoing, the higher the stringing stress 
existing in the conductor, the smaller the 
stress range, or the smaller the ampli- 
tude of vibration permissible for indefi- 
nite life, without fatigue failure, while 
subjected to dynamic loads. 

It is important to realize, at this mo- 
ment, that the stringing stresses as lim- 
ited by the design code are, of themselves, 
ordinarily insufficient to cause early fa- 
tigue of the metal. This is one of the 
reasons why fatigue failures of the con- 
ductors are rarely, if ever, found in the 
middle of the span away from any dis- 
continuity such as is presented by a splice, 
connector or tie. Nevertheless, the prin- 
ciples outlined hold at any point in the 
conductor; therefore, it is important to 
understand that at such discontinuities 
as previously mentioned, the average 
stress which exists is not only that pro- 
duced by the stringing tensions, but also, 
in addition, the stress due to concentra- 
tion, resulting from sharp curvatures, as 
are imposed by some types of hardware 
and ties, and discontinuities resulting 
from certain massive accessories, which 
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again add considerably to the stresses 
normally arising from stringing condi- 
tions. Thus, at these points, the aver- 
age stress in the conductor is consider- 
ably higher than what might be expected, 
and when one considers applied at these 
points the alternations of stress due to 
conductor vibrations, conditions of a very 
severe nature are met, resulting, fre- 
quently, in early fatigue failures. 

While we have confined our attention 
to stress characteristics of the fatigue 
phenomenon, we must not forget that 
there is an important time element also 
involved. In other words, we have in- 
discriminately used the word “indefinite” 
with respect to the life of the material 
under alternating stresses. This extended 
life is highly desirable, naturally, and 
can be achieved with some metals, as will 
later be explained. From the point of 
view of laboratory studies, however, one 
considers “indefinite” in terms of mil- 
lions of cycles of stress through which 
the material will pass without failure 
due to fatigue. Studies of this kind are 
shown in Fig. 4, which has plotted as its 
ordinate, the extreme value of the stress 
range to which the material has been sub- 
jected (in this case there was an aver- 
age stress of zero). The abscissa shows 
the number of cycles of stress before 
failure took place. 


Fatigue Characteristics of Metals 


Most metals give one of two charac- 
teristic curves, as shown in the case of 
“Metal A” and “Metal B.” Metal A is 
characteristic of the behavior of steel sub- 
jected to fatigue stresses. First of all, 
ferrous metals can withstand extremely 
high alternating stresses without danger 
of failure, as compared with those with- 
stood by non-ferrous metals, whose be- 
havior is indicated by the curve labeled 
“Metal B.” This means that a material 


such as steel, or one which behaves like 
steel, will have a greater factor of safety 
when subjected to vibratory stresses, as 
exist in rural distribution lines. 

What is of equal importance, how- 
ever, is the shape of the curve. It is ap- 
parent that in the vicinity of 2,000,000 
cycles of stress, the curve for Metal A 
has straightened out, and is approaching 
an asymptote. This asymptotic value of 
the stress is commonly known as the 
endurance limit of the material, and rep- 
resents that stress to which the metal can 
be periodically subjected and still show 
no failure for an indefinite length of 
time. In American practice it is com- 
mon to test ferrous metals until no fail- 
ure is obtained for 10,000,000 cycles, at 
which time the endurance limit is defi- 
nitely established. European practice has 
dropped this value down to about 2,000,- 
000 cycles. 

Metal B, however, which is typical of 
aluminum, copper, lead and other non- 
ferrous materials, with the exception of 
some interesting non-ferrous alloys such 
as Beryllium Copper, not only shows a 
lower range of endurance values, but it 
is questionable as to whether any final 
value actually exists. As the, tests are 


.extended, the curve continues to slope 


downward, apparently reaching no defi- 
nite value. As a consequence, it appears 
that in cases of metals such as these, 
stress concentrations must be reduced to 
extremely small values before any assur- 
ance of prolonged life is possible. In fact, 
in European practice it is common to ex- 
tend fatigue tests on metals such as these 
(as, for example, in the case of alumi- 
num) to 200,000,000 cycles before de- 
sign values are established. It is at once 
obvious, therefore, in the case of non- 
ferrous metals, that extra precautions are 
necessary to reduce stress concentrations 
arising from the use of improper acces- 
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Fig. 5—Vibration fatigue tests on rural high strength conductors 


sories in connection with conductors, and 
to minimiz2 any abrasive conditions 
which always tend to reduce the normal 
fatigue resistance of the metal involved. 

It is interesting to consider, for a 
moment, the length of time involved 
from a practical point of view, in reach- 
ing a critical number of stress alterna- 
tions for a given set of conditions, as 
might exist in the field. As the stringing 
tensions have increased on conductors, 
the sizes have become correspondingly 
smaller, and the span lengths larger so 
that greater quantities of wind energy 
are picked up, the critical frequenci<s in- 
volved in the conductor vibration have 
become higher. These frequencies range 
between 100 and 200 cycles per second, 
and the fact that they are in the audio- 
frequency range may be readily appreci- 
ated when one realizes that this motion 
can be heard in the vicinity of the dis- 
tribution line. 

Naturally, with the higher frequen- 
cies involved, the length of time required 
in reaching a given number of millions 
of cycles becomes shorter. If this number 
of stress alternations is a limiting one for 
the stress that may be involved at some 
point of concentration, the length of life 
remaining in the conductor may become 
extremely small; unless, of course, con- 
ditions arise which mitigate against a 
fatigue failure. 


The Behavior of Rural Conductors in 
Fatigue 
Let us now apply the foregoing to an 
actual set of experiments in the labora- 
tory, which demonstrate the true be- 
havior of typical rural lines subj-cted to 


vibratory stresses. The results are shown 
in Fig. 5. 

Tests have been made on three con- 
ductors, all having equal electrical prop- 
erties, so far as conductivity is concerned. 
These tests have been made with the con- 
ductors stressed to 50 per cent of their 
rated breaking load, and at frequencies 
determined from actual measurements in 
the field. In each case the conductors 
were tied to Pin-type insulators in the 
manner recommended by the wire manu- 
facturer. Failure was considered to have 
taken place when one or more wires of 
the three wires in each strand are broken. 
As may be expected, the all-steel strand 
showed a typical ferrous curve, and gave 
the highest endurance value when sub- 
jected to vibratory stresses, the corre- 
sponding amplitudes for which are given 
by the ordinate axis. 

The characteristic behavior of a non- 
ferrous material is shown by the curve 
given for the No. 12 copper covered stzel 
strand. This brings out an important fa- 
tigue property with respect to material 
which is bi-metallic in the sense that a 
core of one kind is surrounded by a sur- 
face material of another type. So far 
as fatigue is concerned, a failure of this 
kind will take place at that point in the 
material at which the stress exceeds the 
endurance limit of the metal. In vibrat- 
ing conductors, this point is always at 
the surface, in the vicinity of some stress 
concentration or surface damage. In a 
bi-metallic material, as described, the 
surface is distinctly hard drawn copper 
and has the characteristically poor fa- 
tigue properties of copper. Consequently, 
the fatigue crack will start under condi- 
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tions no different from those which 
would initiate a failure in a solid hard 
drawn copper wire. One might assume 
that the propagation of this crack would 
be seriously impeded by the presence of 
the steel center; however, at the surface 
of the steel core, conditions are no longer 
favorable for extended endurance life. 
Due to the crack in the surface material, 
the steel core is subjected to a notch of 
the sharpest type, one that is atomic in 
its dimensions. At the base of this notch, 
which is at the steel surface, more than 
ordinary stresses arise, and the endurance 
limit of the steel itself will be exceeded ; 
consequently, as is shown by actual tests, 
the crack will propagate itself into the 
steel center with little interference, and 
the cross-section will soon be reduced to 
a point where it will fail because of 
static overloading. Let us consider the 
mechanical fatigue characteristics of an- 
other distribution of steel and copper, 
wherein the three-strand structure is 
composed of one copper wire and two 
steel wires or two copper and one steel 
wire. Those of you familiar with the 
distribution of stress in such a composite 
strand will recognize at once that due to 
the larger area and higher modulus the 
steel will carry by far the greater pro- 
portion of the total stringing load. As a 
result, one has, from a fatigue point of 
view, the proper distribution of stress in 
a strand involving both steel and copper. 
The maximum stresses are in the steel, 
and the stress which exists in the copper 
is reduced to a very low value. As may 
be anticipated, such a composite strand 
behaves, in the same set of tests, in a 
manner that falls somewhat in between 
the two materials previously discussed, 
but shows, eventually, the characteristics 
of the all-steel conductor. In other 
words, while the endurance values 
reached are not as high as the all-steel 
strand, the asymptotic characteristics are 
eventually approached, and the desirable 
fatigue characteristics of steel obtained. 


Measurement of Vibrations in the Field 


So much for the theoretical studies of 
the fatigue of metals, and their relation 
to conductor vibration problems. We 
shall now discuss, briefly, the methods of 
investigating and studying the problem, 
both in the field and in the laboratory. 
Figure 6 is an inertia pendulum type of 
device, which has been used in the past 
for recording the vibration of transmis- 
sion lines. While it has proved of some 
value in connection with lines having 
large mass, it is of no use in the case of 
the very light rural lines. In field mea- 











ee 


Fig. 6—Inertia pendulum vibration recorder 


surements, one is immediately confronted 
with the problem of using instruments, 
the application of which to the line must 
not modify its elastic and dynamic char- 
acteristics. Such an instrument as shown 
in this picture is so massive that its ap- 
plication by hanging to the rural line, 
would immediately change the entire 
nature of the structure and its recordings 
would be of no value, since they would 
have little relation to the situation, as 
it actually exists. 

Figure 7 is another type of device, 
which has been used for studying the 
dynamics of vibrating lines. Once more, 
the use of an instrument of this type 
is limited to structures wherein its own 
mass and stiffness characteristics would 
not modify those actually existing in the 
unencumbered line. Since the device 
shown in this picture contains consider- 
able stiffness and mass, it is obvious that 
its use is again limited to the very heavy 
types of transmission lines, and that it 
could not be used on a light rural con- 
ductor. 

Unfortunately, I am unable to show a 
picture of a device which is being used 
with great success in studying field con- 
ditions as they exist in the light rural 
types of lines. The results of these in- 
vestigations have been made available to 
us, and have served as a field check on 
our laboratory studies. In brief, this 
apparatus consists of a series of spans 
which can be adjusted from 400 to 800 
feet in length. It is located in open 
plains country where prevailing winds 
have been known to do damage to con- 
ductors. A tower has been built adjacent 
to the conductor near one of the points 
of support, and from this tower is hung 
the heavy magnet parts of a moving coil 
pickup. The moving coil itself, which 
weighs but a fraction of an ounce, ss 
attached to the conductor so that it 
moves in the field of the suspended mag- 


4“Vibration and Fatigue in Electrical Conduc- 
tors,” A. E. Davison, J. A. Ingles, V. M. Martin- 
off: A.I.E.E. Convention, June, 1932. 
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Fig. 7—Carbon pile vibration pickup 


net. The voltage generated in the coil 
is picked up and amplified by a series of 
instruments which eventually produce a 
continuous 24-hour record of both the 
frequency and amplitude of the vibra- 
tions. Other instruments permit con- 
tinuous readings of wind velocity, wind 
direction, and tension variations in the 
conductor itself. 

Observations have been made on vari- 
ous types of conductors, and have re- 
vealed some extremely interesting and 
important facts. For one thing, the re- 
sults have confirmed the range of fre- 
quencies to the expected on rural con- 
ductors, as indicated by theory, and have 
shown pronounced vibration frequencies 
on some conductors of over 200 cycles 
per second. The amplitudes measured 
have been found to be very small, but in 
many instances can actually be observed 
by eye. 


Vibration Properties of 3-Wire Strand 


The most startling discovery in the 
field, however, and one that is highly 
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Fig. 8—Effect of cross section on 
vibration amplitudes as observed 
in water 





significant, is the fact that a three-wire 
strand will vibrate with an amplitude 
equal and frequently greater than that 
which occurs in a solid single wire con- 
ductor. To fully appreciate what this 
means, one should consider for a mo- 
ment the studies on conductor cross- 
sections, as recorded by Davison*. Fig- 
ure 8 gives the results of this work and, 
in the writer’s opinion, has unintention- 
ally resulted in a considerable misun- 
derstanding of the vibration problem. 
This tabulation shows the average per 
cent reduction in amplitude of vibration 
as found on short specimens having the 
indicated cross-sections which were sus- 
pended from their center by a thin elas- 
tic ribbon in a tank containing water 
which was caused to flow at right angles 
to the length of conductor. The figures 
given are no doubt correct, but apply 
only to the actual test which was applied 
to these cross-sections. 

Unfortunately, however, conclusions 
have been drawn with respect to actual 
transmission lines having the same 
shapes. A transmission line is an elastic 
structure under tension suspended in an 
air stream, a far different vibration sys- 
tem from that used in the Davison ex- 
periments where the conductor sample 
contributed no elasticity whatsoever to 
the system. Consequently, to conclude, 
as many have, that a three-wire strand, 
when used as an actual suspended con- 
ductor, will undergo no vibration what- 
soever, is quite at variance with facts 
as well as theory. Any elastic system, 
such as a stretched conductor constitutes, 
will vibrate when subjected to periodic 
forces regardless of its shape, and the 
amplitude of vibration reached will be 
that determined by the damping inherent 
in the system and the relative flexibility 
of the system. 

In fact, according to measurements 
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by Mr. Davison, the two-wire strand 
was supposed to give the same vibration- 
less characteristic as achieved by three- 
wires. There are on record several very 
sad experiences with two-wire strand due 
to vibration troubles. What is true 
about three-wire strand is that its in- 
herent damping is greater than that 
achieved by a solid wire, and that its 
tendency to vibrate is, indeed, less if 
one considers the range of forces it de- 
rives from the wind. In other words, 
while the forces derived from the wind 
on a solid conductor may be sufficient to 
vibrate it with an appreciable amplitude 
for a very large portion of the total 
time, the same wind may produce forces 
of sufficient magnitude to cause appre- 
ciable vibration in the three-wire strand 
except for a relatively shorter period of 
the time, so that it takes many more 
months for a three-wire strand to go 
through the same number of cycles of 
stress as might be experienced by a solid 
wire under the same conditions. 

There is nothing, however, to indi- 
cate in the shape of the conductor that 
when it does vibrate, it will not vibrate 
to large amplitudes, and that so far as 
abrasion is concerned, the same destruc- 
tive effects, due to the relative motion 
of the conductor and the tie wires or 
insulators, are not to be experienced. 
We know definitely from samples sub- 
mitted from the field that three-wire 
strands can vibrate with destructive ef- 
fect. What we have also learned, how- 
ever, is that the three-wire strand will 
vibrate a much smaller proportion of 
the total time as compared to the solid 
wire and in that respect it constitutes a 
decided improvement over the solid wire 
for use as a rural conductor. Neverthe- 
less, because its motion may be as large 
or larger than the solid wire, all neces- 
sary precautions must be taken with 
respect to the proper use of hardware 
and ties in the handling of such strand, 
thereby minimizing stresses and reducing 
abrasion to negligible quantity. 


Methods of Minimizing Vibration Damage 


Three distinct procedures are in gen- 
eral use for minimizing the effect of 
vibration on transmission and distribu- 
tion lines. One method involves incor- 
poration in the construction features of 
the transmission or distribution strand 
such characteristics as will eliminate its 
tendency to vibrate in the wind. This is 
the reason for the experiments involving 
the use of cross-sections having triangu- 
lar shapes or other irregular forms. 

A second method that is widely used 
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Fig. 9—V ibration 
fatigue testing ma- 
chine for rural 
high strength con- 
ductors 
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for eliminating vibration difficulties is 
the use of dampers in some form or 
other. The Stockbridge damper is a 
successful example of this method so 
far as the heavier types of transmission 
lines are concerned. While we are con- 
tinually experimenting with devices of 
this kind for application to the light 
rural lines, it is apparent that similar 
results will be achieved only with the 
greatest difficulty. 

A damper device, such as the Stock- 
bridge type, can be used successfully 
only when its mass is small in propor- 
tion to that of the conductor; other- 
wise, excessive stresses may be induced 
at the point of application of the damp- 
ing device itself. So far, this mass ratio 
has been difficult to achieve in the case 
of the light rural lines, and while the 
use of a damping device is theoretically 
possible, from the practical point of 
view, it has given trouble in our experi- 
ments. 

The third method, which so far seems 





Fig. 10—Electromagnetic vibra- 
tion motor 
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to be yielding the best results, is based 
on the assumption that the line, being 
an elastic system, is going to vibrate in 
the wind. Consequently, it is important 
that the conductor be so supported and 
so connected and spliced that the stress 
concentrations and points of abrasion 
will be reduced to a minimum. This 
method involves investigating the curva- 
tures of the conductor during its motion, 
as well as giving considerable attention 
to the dynamic features of the hardware 
and accessories used with the wire, so 
that high stresses will not be induced 
due to poor inertia and flexibility char- 
acteristics which may be involved in the 
overall line construction. Such devices 
for minimizing vibration damage as ar- 
mor rods, special ties and hardware ac- 
cessories are included in this method. 
American Steel & Wire Company 
Vibration Fatigue Laboratory 
With this full appreciation of the con- 
ductor vibration problems as outlined 
in previous paragraphs, early in 1935 
the American Steel & Wire Company 
established a laboratory for the purpose 
of studying the characteristics of con- 
ductor vibration and developing meth- 
ods which would serve to minimize and, 
if possible, to eliminate the fatigue trou- 
bles arising from this type of motion. 
Figure 9 shows a view of one of the 
units at the laboratory. In brief, the 
equipment consists of a mechanical 
framework and an electrical vibration 
drive. The mechanical structure is a 
spring-mounted, built-up structure over 
40 feet in length, capable of applying 
tensions to the line through a system of 
levers, which have been accurately cali- 
brated. Tensions varying from a few 
pounds up to several thousand are pos- 
sible. As may be seen in the photograph, 
conductor may be dead-ended in any 
desired fashion, and intermediate tables 
are supplied upon which hardware, in- 
sulators and ties, or other accessory de- 
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Fig. 11—Vibration motor coupling to conductor 


Fig. 15—Die-away curve for solid No. 8, 40% copper cov- 
ered steel with damper tie 


Fig. 12—Cathetometer for measuring vibration ampli- 
tudes 


Fig. 16—Die-away curve for typical 7-wire strand 


Fig. 13—Method of tension load application for damping 
measurements Fig. 17—Rural line tie study 
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yices, can be suitably mounted. In the 
éenter of the structure is located the 
vibration motor through which periodic 
impulses are applied to the conductor; 
and in the left background may be seen 
the electrical controls for the vibration 
motor. Standing beside the near insu- 
lator is the U tube of a Stroboscope, a 
device which has proved of great useful- 
ness in studies of this kind. 

Figure 10 is a close-up of the electrical 
part of the system. In the foreground 
may be seen the large vibration motor 
coupled by means of springs to the con- 
ductor under test. This motor is in 
principle similar to a dynamic loud 
speaker. It consists of a large d-c field 
in which a moving coil is suspended, 
this coil containing two windings, one 
a drive coil, and the second a pickup coil. 
For certain dynamic reasons, the spindle 
of the moving coil is spring-coupled to 
the conductor. This type of coupling 
permits controlled amplification of the 
motion of the conductor during vibra- 
tion, and also eliminates the mass effect 
at the drive point. For forced vibration 
the impulses to the drive coil originate 
in a General Radio oscillator capable 
of delivering any frequency up to 10,000 
cycles a second. This instrument is 
shown in the background on the right. 
Its output is delivered to the top panel 
of the equipment standing at its side. 
This upper cabinet contains a 40-watt 
amplifier and all of the controls for the 
vibration equipment. When extra power 
is needed, the output of the 40-watt am- 
plifier may be further amplified in the 
bottom cabinet to over 500 watts before 
being delivered to the drive coil of the 
magnet. In tests involving heavily 
damped items, such as guy strands and 
wire ropes, these extra amounts of power 
are necessary. When self-excitation of 
the conductor is desired at any desired 
harmonic of the fundamental, the input 
to the drive coil originates in the pickup 
coil. The output of this coil is passed 
through suitably adjusted filters to give 
the desired harmonic and amplified, as 
in the case of forced vibration, before 
being sent to the drive coil. 

There are controls available which 
make it possible for the equipment to 
automatically shut down in the event 
of any failure or change in the vibrating 
system. A clock in the mechanism auto- 
matically records the time of vibration, 
and the frequency is determined from 
a previous calibration. There are 
switches which make possible the obtain- 
ing of die-away curves on an oscillo- 
graph not shown in the picture so that 
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the damping characteristics of a system 
involving conductors, hardware or ties 
may be also studied. 

Figure 11 illustrates the operation of 
the spring coupling from the moving 
coil of the magnet to the conductor. The 
amplification of motion is quite notice- 
able, and careful observation shows that 
the stresses at the drive point have been 
reduced to such a value that the loop, 
which includes this point, hardly differs 
from any other loop in the vibrating 
line. 

Amplitude measurements are made, as 
shown in Figure 12, by means of an 
accurately calibrated cathetometer. The 
amplitude of vibration is adjusted so that 
the maximum motion in the first loop 
clear of the insulator and tie being in- 
vestigated is a desired amount. When 
this has been accomplished, the electrical 
units are locked so as to maintain this 
motion during normal operation. If for 
any reason a failure takes place or the 
tension in the conductor increases or 
decreases, thereby affecting this ampli- 
tude of motion, the equipment will auto- 
matically shut down. 


Damping Tests 

To study the damping characteristics 
of a given conductor and its system of 
ties, the line is dead-ended, as shown in 
Figure 13, on a knife edge. This figure 
also illustrates the manner of applying 
load and the means by which a conductor 
terminal is locked into position if it is so 
desired. 

Figure 14 shows the other end of the 
line when set up for damping tests. The 
small knife edge is not visible, it being 
obscured by an adapter which has been 
used for converting the knife edge seat 
for another experiment. The picture 
shows clearly the take-up screw by means 
of which the load applied to the lever 
system can be brought to its full* value. 
_It is interesting to compare the die- 
away curves obtained for a typical solid 
rural conductor even though treated 
with a so-called damper tie, which in- 
volves a preformed wire placed around 
a main conductor, with that obtained 
from a typical strand as used in railbond 
construction. Both tests were made at 
frequency of 49 cycles per second. 

Figures 15 and 16 enable us to make 
the comparison. In the case of the 
strand, it is mecessary to increase the 
speed of the oscillograph in order to get 
a readable trace. From numerous tests 
which we have made, it appears that the 
incorporation of damping devices in ru- 
ral lines is possible only with great 
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difficulty. We have found that either 
a so-called damper does not effectively 
dampen the motion, or else, if it is effec- 
tive, it introduces such severe points of 
abrasion, due to friction, that it is ques- 
tionable whcther the conductor may not 
be damaged to a greater extent than ever 
before. We are still at work on the pos- 
sibility of developing suitable dampers 
for rural lines. However, as outlined, 
the problem is a difficult one with these 
light weight conductors, and requires 
careful study and testing before definite 
recommendations can or should be made. 


Rural Line Tie Studies 

The most valuable and interesting 
studies so far made on our equipment 
have been in connection with the de- 
velopment of ties for rural conductors. 
Figure 17 is a close-up of a tie test. By 
means of the stroboscope and other de- 
vices, it has been possible to observe the 
inner action of the tie wires and con- 
ductor, as well as accurately determine 
the points of maximum stress concentra- 
tion as they occur in either the tie or 
the conductor material. The tie shown 
in this picture contains several bad fea- 
tures, although it does represent at least 
one step in the right direction. Very 
early in our studies, it was found that 
the lateral distortion of the conductor 
resulted in a stretching which was so 
minute, so far as motion was concerned, 
that it could only be measured with in- 
struments. Nevertheless, this stretching 
or longitudinal motion of conductor 
takes place at an extremely high fre- 
quency; in fact, at a frequency just dou- 
ble that of the lateral vibration. This is 
because the conductor stretches whether 
the lateral motion is at the extreme top 
or bottom of its swing. Consequently, 
where the bare conductor passes over 
the top of a typical porcelain insulator, 
abrasion of the most severe type takes 
place. This has been noticed many times 
in the field on conductors removed from 
insulators, and is now being quantita- 
tively and qualitatively studied in our 
laboratory. 

Our studies indicate very definitely 
that the amount of relative motion in- 
volved in vibration phenomena does not 
have to be of any significant magnitude 
to cause damage. The frequencies in- 
volved are so great that the action is of 
the most severe nature. This is not hard 
to appreciate when one frequently meets 
with abrasions of this kind under the 
heads of tightly fastened bolts on ma- 
chinery that is apparently rigid. It be- 
comes at once apparent that for the max- 
imum life and best practice, an armored 
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Fig. 18—Conductor fatigue failure resulting from poor tie 


system 


-tie is the most desirable, regardless of 
the conductor material. Such a tie is 
shown in the figure. 

Further studies indicated that the so- 
called “simple” ties, which have hereto- 
fore been specified in great quantities, 
were made in such a fashion that the tie 
wire as it passed from the insulator to 
the conductor was severely cut by the 
lip of the insulator. It was an outcome 
of investigations of this nature that led 
us to make a recommendation to an in- 
sulator manufacturer through one of the 
private utilities which resulted in a 
modification of the design of this feature 
of a pin type insulator, thereby effect- 
ing a considerable improvement so far 
as abrasions to the tie wire concerned. 
We also learned that the common types 
of ties were made in a manner that had 
the tie wires cross one another in the 
vicinity of the conductor so that in the 
ensuing vibration, these wires further 
abraded one another, frequently result- 
ing in early failure of the tie wire. 

By far the most detrimental charac- 
teristic of the prevailing “simple” ties 
was the way in which they held the 
conductor to the insulator. For the most 
part, the tie wire was brought up from 
under the lip of the insulator up over 
the conductor and immediately returned 
to the insulator, referring specifically to 
the top tie. In such an arrangement, the 
conductor during its vibration can move 
downward without severe restraint, and 
will take a natural easy curvature over 
the top of the insulator. However, on 


the upward vibration, the loop of the 
tie wire firmly fixes the point at which 
it contacts the conductor. Consequently, 
the conductor bends upward, not in a 
smooth curve from the center of the in- 
sulator, but in a rather sharp bend right 
at the first snubbing loop. This was 
measured and observed by us time and 
again, and without actually running a 
system of conductor and tie to failure, 
it was possible to predict long in ad- 
vance just exactly where the point of 
fracture would take place. Such defects 
in a tying system produce fatigue fail- 
ures in the conductor, as shown on Fig- 
ure 18. This tie is another of a long 
series with which experiments were made 
in an effort to overcome the various 
defects mentioned above. While it of- 
fered some improvements, it was still 
far from satisfactory. 

After numerous trials and experiments 
involving the use of tie wires of both 
copper and galvanized steel, made up 
according to all manner of systems, the 
tie shown in Figure 19 was finally 
evolved. It represents a definite scien- 
tific approach to the tie problem, and is 
far more than a random collection of 
twists and loops. In the first place, the 
tie wire where used is a special galvan- 
ized soft steel wire having a small diam- 
eter and capable of complete manipula- 
tion without tools. It has been specially 
prepared for tying purposes and it has 
a fatigue life far in excess of any cop- 
per or copperweld wire used for similar 
purposes. 


Fig. 
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19—A. 8. & W.“T-tie” 





Fig. 20—A. 8. & W.“T-tie” with insulator removed 


Two relatively short pieces of this 
wire are used for making the tie indi- 
cated, and many thousands of such ties 
have been made on existing rural dis- 
tribution systems. The procedure, once 
learned, can be readily followed by any 
lineman, and those who have had the 
experience of making these ties find them 
entirely satisfactory and easy to make. 
As will be noted, the armoring feature 
is present. Five loops of tie wire have 
been placed adjacent to the insulator, 
in order to produce a long, gentle slope 
of the tie wire from the conductor to 
the insulator. This avoids contact with 
the lip of the insulator, and has com- 
pletely removed any evidence of abra- 
sion on the tie wire at this point. Two 
loops are then placed between the two 
wires which go down from the conduc- 
tor to opposite sides of the insulator, 
thus definitely separating them from 
rubbing on one another during motion. 

The most important feature of this 
tie, however, is the manner in which the 
wire from the insulator is Wound on to 
the conductor, without immediately re- 
turning to the insulator, thus avoiding 
the detrimental snubbing loop found in 
other ties. By actual test and observa- 
tion during high frequency vibration, 
it is apparent that this conductor, in its 
downward movement as well as in its 
upward movement, slopes from the cen- 
ter of the insulator with the gentlest 
curvature; avoiding at any point where 
the tie wire contacts the conductor, the 
presence of any stress concentrations as 
have hitherto existed in other tie systems. 

Figure 20 shows more clearly what 
has been accomplished. The insulator 
has been removed and the separation of 
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the tie wire, as well as the configuration 
of loops, is more clearly seen. 

To demonstrate more quantitatively 
what has been accomplished with this 
tie, one need only consider the follow- 
ing figures. With the conductor shown, 
which is a galvanized steel-copper com- 
posite three-wire conductor, a tie made 
of galvanized steel wire in the usual 
manner, ‘containing the several detri- 
mental features previously discussed, 
would result in a fatigue failure of the 
conductor in about 10,000,000 cycles of 
stress. In these experiments the test used 
consisted of vibrating the line at 165 
cycles per second, through a total am- 
plitude of .2 inch with 25 per cent 
breaking load applied to the conductor. 

In making the tie shown in the figure 
—which we have chosen to call a “T- 
tie’—and applying the same test de- 
scribed above, we have vibrated similar 
conductors through 50,000,000 cycles of 
stress (representing day and night op- 
eration through one week) without fail- 
ure in the tie wire or in the conductor. 

It is well to remember that so far as 
conductor fatigue is concerned, the point 
of tying represents one of the most seri- 
ous problems involved. It is at this point 
that the normal stringing stresses are 
raised to a point where they become 
serious, and are likely to induce fatigue 
failures, as described in an earlier sec- 
tion of this paper. These concentrations 
arise from points of sharp curvature 
and restraint. Consequently, the system 
of tying must be given considerable 
thought. We are met with two impor- 
tant features of the system to be con- 
sidered. The first is the material of 
which the tie shall be made, and the 
second is the tying system itself. If the 
material is one having a low endurance 
limit, such as annealed copper wire, or 
copper covered steel, a fatigue failure 
of the tie wire itself is easily obtained, 
even though the system of tying used 
may be of the best—or at least equal 
to that described in the previous slide. 





Fig. 21—A brasion characteristics of copper surfaces in contact 
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On the other hand, one might use a tie 
wire having a low endurance limit, and 
a tie system having objectionable fea- 
tures. The net result is a combination 
having the worst characteristics of both, 
and it becomes a matter of debate 
whether the conductor or tie wire will 
fail first. In some cases we have had both 
fail within a few seconds of each other. 

To illustrate this quantitatively, it is 
interesting to point out that a No. 8-A 
Copper Covered Steel conductor, tied in 
the manner prescribed for that con- 
ductor, using annealed No. 8 copper 
wire, will show a conductor failure in 
less than 2,000,000 cycles, when sub- 
jected to the 165 cycle test described 
above. If this same annealed copper 
wire is tied about the conductor in the 
manner used for making the so-called 
““T-tie,” the life of the conductor can 
be prolonged to as many as 8,000,000 
cycles, but at the expense of two or three 
tie wires, which will have fatigued and 
have had to be replaced in order to con- 
tinue the test. If a high endurance tie 
material, such as galvanized steel wire 
is used with a poor tying system, fatigue 
life of the system will be determined by 
the conductor material. In our experi- 
ence we have yet to produce a fatigue 
failure of such a tie wire. Obviously, 
if a copper conductor is used, the con- 
ductor life will be low, whereas with a 
steel composite conductor, the fatigue 
life is correspondingly higher, being 
some 10,000,000 cycles as in the experi- 
ment described above. 

The ultimate is achieved when a good 
tie system is made, using a tie wire of 
the highest endurance limit. This is 
what has been done and recommended 
for the all-steel conductor and the steel 
composite conductors. In this case steel 
galvanized tie wires are twisted about 
the conductor in the manner shown in 
the “T-tie.”’” The results achieved have 
already been described. It is not our 
intention to leave the impression that 
the final word in ties has bzen reached. 
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On the contrary, we feel that the ob- 
jective of such studies is the develop- 
ment of a purely mechanical device 
which will do away with the archaic 
procedure of twisting one wire about 
another in order to hold it to an insula- 
tor. We have studied some attempts of 
this former nature, and have given con- 
siderable thought to a development of 
our own. So far, results have been dis- 
appointing, because none of the devices 
tried have lacked some objectionable fea- 
ture. While they may simplify the time 
element in fastening a conductor, they 
introduce stress concentrations which 
may not be obvious until the tests are 
performed. 
Abrasion Studies 

As a final point of importance and 
interest in our tie studies, some discus- 
sion concerning the matter of abrasion 
is in order. During our early work with 
copper conductors and ties made of cop- 
per wire, we found, upon examination, 
that during the period of vibration the 
insulators would be covered with a fine, 
reddish dust. We soon found this to be _ 
copper which was being worn away from 
the tie wires or the conductor during 
the tests. It was further made obvious 
to us from samples sent in from the field 
that abrasion was a very serious factor 
in the case of copper surfaces in contact 
with one another. A high coefficient of 
friction appears to exist between such 
copper surfaces, and this fact appears to 
be verified by other researches on inter- 
metallic boundary friction. Since abra- 
sion weakens the surface of any mate- 
rial, and since this is the very place where 
stresses are highest during vibration, the 
combination of circumstances is very seri- 
ous, so far as fatigue life is concerned. 

Figure 21 shows the results of one 
of our early experiments. This was done 
at a time when considerable vibration 
trouble was being experienced with solid 
No. 8 copper covered steel conductors, 
tied with annealed copper wire. If one 
looks carefully under the ends of the 





Fig. 22—Abrasion characteristics of zinc coated surfaces in 
contact 
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broken tie wire, a spot may be seen 
where the copper has abraded through 
the conductor surface, exposing the steel 
core. Samples submitted to us from the 
field have shown that this is not an un- 
usual circumstance, and is frequently 
reported by numerous utilities. Copper 
wires have been known to be so badly 
abraded, in some types of hardware, 
that they virtually disappear. 

When dealing with galvanized steel 
surfaces, as in the many experiments 
described, a layer of zinc, whether ap- 
plied to the steel tie wire or to the cop- 
per and steel wires in a composite con- 
ductor, or the steel wire alone in an 
all-steel conductor, practically eliminates 
the abrasion problem. After as many 
as 50,000,000 cycles under severe vibra- 
tion conditions, such conductors and ties, 
when examined closely for wear, showed 
little, if any, signs of abrasion. All that 
appears is a high polish on the zinc sur- 
face. This is not strange, inasmuch as 
zinc is a comparatively hard, slippery 
metal, frequently used as a base for 
bearings. At no time were the insulators 
covered with any products of wear, as 
in the cas2 of the copper-surfaced con- 
ductors. 

Figure 22 shows a portion of a steel 
composite conductor, in which the cop- 
per as well as the steel wires are cov- 
ered with zinc. This is a No. 8 con- 
ductor, which was tested for 50,000,000 
cycles with a galvanized steel tie applied 
at the portion indicated in the photo- 
graph. Close observation shows no re- 
moval of the zinc due to abrasion, after 
50,000,600 cycles of stress, whereas the 
damage shown on the copper conductor 
in the previous picture, represents the 
condition after slightly over 1,000,000 
vibrations. 

We have by no means completed our 
work, and have only begun to consider 
the numerous other items which are used 
with rural conductors. Work is now 
going on in connection with the proper 
use of sleeves, splices, connectors, and 
various types of hardware. Proper 
equipment has made possible a field for 
study which has been somewhat neg- 
lected in the past, and what we are ac- 
complishing seems to have some value, 
not only to ourselves as conductor man- 
ufacturers, but also to the utility user 
and the hardware manufacturer. 

The steel industry has been extremely 
interested in the application of steel in 
the form of the steel-copper composite 
conductor, or the all-steel conductor for 
electrical purposes. It has been our feel- 
ing that so long as the electrical indus- 
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Third National Accounting Conference 
to Be Held at Chicago in November 


HE third annual National Account- 
ing Conference of the Edison 
Electric Institute will be held at the 
Edgewater Beach Hotel, Chicago, IlIli- 
nois, November 13, 14 and 15, 1939. 
The Conference is being arranged by 
the General Accounting Committee of 
the Edison Electric Institute through its 
Planning Committee, composed of the 
following members: 


G. H. Bourne, The Commonwealth & 
Southern Corp., New York, N. Y.; K. C. 
Campbell, The Detroit Edison Company, De- 
troit, Mich.; A. Corson, The United Gas 
Improvement Co., Philadelphia, Pa.; W. C. 
Fisher, Consolidated Edison Company of 
N. Y., Inc., New York, N. Y.; A. M. Harto- 
gensis, Ebasco Services, Inc., New York, 
N. Y.; Franklin Heydecke, Public Service 
Electric & Gas Co., Newark, N. J.; J. M. 
Kramarsik, The Connecticut Light & Power 
Co., Hartford, Conn.; and Miss Mae B. 
Woods, Edison Electric Institute, New York, 
ae 


In addition to the above, Bernard S. 
Rodey, Jr., Chairman, and Merle 
Rainey, Secretary of the General Ac- 
counting Committee will assist the Plan- 
ning Committee. 

It is planned this year to allocate 
somewhat less time to the general ses- 
sions so as to devote the main effort of 
the conference to specialized Committee 
meetings. ‘This is believed to be in line 
with the desires of a great majority of 
utility accountants, many of whom come 
to these gatherings with specific prob- 
lems affecting their companies. 

To meet their needs, much work has 
already been done by the various Com- 
mittee Chairmen and Vice-Chairmén to 
organize the presentation of subjects in 
their respective fields. Active and grati- 
fying interest is being shown in this ef- 
fort of preparing a diversified program 


‘that will not only be beneficial to those 


in attendance, but also to the industry 
as a whole. 

Tentatively it is now thought the full 
day Monday, November 13, should be 
devoted to meetings of the several com- 
mittees studying specialized accounting 
matters. The morning session of these 





meetings are for committee members only 
but will be open in the afternoon to 
industry representatives by invitation or 
upon request to the respective chairmen, 
Only the forenoon sessions on Tuesday 
and Wednesday are at present being 
considered as general sessions; the after- 
noons being considered as additional time 
for meetings of the specialized groups. 

The industry is always interested to 
get the viewpoint of those who look at its 
problems from a new angle and can offer 
new channels of thought. Therefore, 
negotiations are now under way to ob- 
tain distinguished speakers from outside 
the industry. They are to speak at the 
General Sessions and at the informal din- 
ner on Tuesday night. 

The Planning Committee is now ac- 
tively at work on the Conference, assign- 
ing the many interesting and important 
topics. Any suggestions from members 
of the committees, or any of the compa- 
nies, as to the selection of subjects will be 
gratefully received by the Planning 
Committee. 

The past year has brought many new 
accounting problems to the fore, particu- 
larly in relation to governmental regula- 
tion and taxation. These new problems 
in addition to the mounting accounting 
costs, interpretation of accounts, and 
questions arising in the determination of 
costs and depreciation problems, afford a 
real opportunity for accountants and 
others interested to get together for a 
more mutual understanding and ex- 
change of ideas. This year’s Conference 
bids fair to become one of the most in- 
teresting ever held and the Planning 
Committee looks forward to a record 
attendance, both as regards the number 
of individual accountants and of com- 
panies represented. 

The September issue of the BULLETIN 
will contain additional information re- 
garding the 3rd National Accounting 
Conference and, the completed program 
will be shown in the October issue. 





try finds a place for the electrical proper- 
ties of these materials, it is our primary 
concern to discover and recommend the 
best methods for their use, so that fail- 
ures from such enemies of continuous 
service as conductor vibration will be 
overcome in the case of these applica- 
tions of steel. It is hoped, therefore, 


that the information given in. this paper 
will not only prove of general value to 
the Transmission and Distribution Com- 
mittee, but will also show the efforts 
which are being made to make the steel- 
copper composite conductor, and the all- 
steel conductor a valuable and econom- 
ical tool for use in rural distribution. 
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The Effect of ‘Temperature 
Upon Bronze Valves 


By F. P. Tierney, Engineer and W. C. Thompson, Chemist 
of Testing Department of Northern States Power Company, Minneapolis, Minn. 





MR. TIERNEY 


N the power industry where the 

demands on metals are unusually 

severe, the properties of metals un- 
der stress at elevated temperatures are 
of vital importance in the interests of 
safety and uninterrupted service. The 
investigation described in this paper, 
which concerns the effect of high tem- 
peratures upon bronze valves, was 
prompted by the discovery of defects in 
gate valves which had been exposed to 
425° F. over a period of 14 years. An 
extraordinary opportunity was afforded 
to study the influence of prolonged tem- 
perature exposure upon the structure 
and mechanical propertics of bronze, and 
to supplement the limited information 
available in the literature which was 
based on comparatively short time ex- 
periments. 

In August, 1938, the bodies of two 
144-in. bronze gate valves on the steam 
equalizing line of a boiler feed water 
regulator cracked when workmen at- 
tempted to open connections on the line 
in which the valves were located. The 
valves, which had been installed in 1924, 
had been in operation approximately 90 
per cent of the time at 425° F. and 310 
lb. per sq. in. When they were sub- 
mitted to a cursory examination and to 
certain mechanical tests, it was disclosed 


that the metal was of a brittle nature. 

Since it was suspected that the brittle- 
ness of these two valves was caused by 
a temperature effect due to the type of 
service, an examination was made of an- 
other valve (from the same station) of 
identical make and type which had been 
exposed for the same period to not over 
100° F. Tests similar to those made on 
the 425° F. valve materials indicated 
that the metal in the 100° F. valve was 
much more ductile than that in the valves 
which failed. 

Chemical analyses of the metal in the 
valves show.d them to be commercially 
identical in composition. Microscopic 
examination disclosed that the structure 
of the metal exposed to a maximum tem- 
perature of 100° F. differed markedly 
from that exposed to a temperature of 
425° F. The former exhibited the nor- 
mal structure of bronze castings of this 
type, but the latter was abnormal in 
such a manner as to indicate that its 
altered structure was due to changes 
which took place while in service rather 
than to any commercial variation in 
casting practice. 

In order to confirm this view it was 
decided to examine a sufficiently large 
number of valves which had been ex- 
posed to each of several temperatures. 
There were available in this plant valves 
of identical make and type with identical 
periods of service, which had been ex- 
posed to temperatures of 100°, 320°, 
425° and 700° F. The valves removed 
for examination included at least three 
which had been in service at each tem- 
perature. Since those of each tempera- 
ture class were similar in properties and 
test results, four were chosen as repre- 
sentative for consideration in this report. 
The data on these valves are shown in 
the following tabulation: 
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tained for making the usual brittleness 
tests or for standard tensile tests, but it 
was possible to cut specimens 3/32 in. 
thick, 3@ in. wide, and 2 in. long. These 
specimens were submitted to a bending 
test by clamping them in a vise and ap- 
plying a bending force with an accurate 
micrometer screw at exactly 1 in. from 
the face of the vise. Figure 1 shows the 
test pieces after bending. No cracks 
were apparent in the material from 
valve 1 (100° F.) when deflected 0.6 
in., but there was slight cracking in 
that of valve 2 (320° F.) when bent the 
same amount. The valve 3 (425° F.) 
specimens cracked when the deflection 
was 0.29 in. and the valve 4 (700° F.) 
specimens broke at a deflection of 0.19 
in. These results prove that the higher 
the temperature to which the valves had 











Pressure 

Valve Size Temperature lbs. per 

No. Type Inches Service Deg. F. sq. in. 
1 Gate ly, Cold water 100 200 
—— Gate 1% Hot water 320 310 
3* Gate 1% Saturated steam 425 310 
a Globe % Superheated steam 700 300 





* Broken in situ when wrench was applied. 








The size and the design of the valves 
was such that pieces could not be ob- 


been exposed, the more pronounced was 
their brittleness. 
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Valve 1 (100° F.) 
Deflected 0.6 in. 


No cracking 
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Valve 2 (320° F.) 
Deflected 0.6 in. 
Slight cracking 





Valve 3 (425° F.) 
Deflected 0.29 in. 
Pronounced cracking 


Valve 4 (700° F.) 
Deflected 0.19 in. 
Cracked through 


Fig. 1—Test pieces after bending (enlarged 2\4 times) 


As previously stated, standard test 
specimens could not be cut from the 
valves, but comparative tensile strength 
tests were made on the most suitable 
pieces obtainable. The results were as 





follows: 
Valve Temperature Tensile Strength at 
No. Deg. F. 70 Deg. F. 
1 100 36,000 Ibs/sq. in. 
2 320 34,800 Ibs/sq. in. 
3 425 28,800 Ibs/sq. in. 
+ 700 Specimen not obtain- 
able 





‘These results indicate that the tensile 
strength decreased as the temperature 
to which the metal had been exposed 
increased. 

The manufacturer of these four valves 
rated the tensile strength of the alloy as 
33,735 lb. per sq. in. at 750° F. and 
recommended them for service with 
superheated steam at pressures up to 300 
lb. per sq. in. and with total tempera- 
ture up to 600° F. 

Analyses of the valve metals showed 


the following percentages of copper, tin, 
and zinc: 





Valve No. 1 2 3 4 

Copper . 85.69 84.37 85.08 85.00 
re 12.34 12.35 11.62 12.45 
Zime ..... 1.85 3.24 3.13 2.31 





The material of these four valves ap- 
proaches that of Government Bronze 
(B10) in composition. 

For purposes of comparison, parts of 
the A.S.T.M. (American Society for 
Testing Materials) standard specifica- 
tions ‘1; ?3) for the following bronze 
alloys are included: 


A.S.T.M. Designation _ B10 


Government 


___AlloyName | Bronze 
Date standard adopted ............ 1918 
Date discontinued ............. ~-s 9986 
Tensile strength,* Ibs/sq. in......... 30,000 
Elongation in 2 in.* per cent..... 14 


Analyses, in per cent: 


Ee ash sais, eee. ace ahs osae 86 to 89 
IRE Sere cane oy ene ere 8 to 11 
RMR Ss, ccanase; Rin eieea ive iaud. ante Slain“ lto 3 


* Minima physical properties at room temperature. 
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Valve 1 
F.) after stress, showing 
the brittle nature of the eutectoid. 


Etched with NH,OH + H,0O, 


Fig. 2—Material of 
(100° 


The A.S.T.M. was cognizant of the 
fact that a high tin alloy was not satis- 
factory for castings to be used at tem- 
peratures above 500° F. as early as 
1918, when its specifications for B10 in- 
cluded a clause to this effect. This lim- 
itation was not introduced into the 
standard specification for B60 until 
1936. In the same year the A.S.T.M. 


stated that B61 was suitable for appli- , 


cations which involved temperatures of 
500° F. The trend of these specifica- 
tions is toward a lower tin content in 
bronze for high temperature use. 

When bronze cools from the molten 
state, the portions that first solidify, 
called the cores, are relatively rich in 
copper; and the proportion of tin in the 
remaining melt is consequently increased. 
As solidification proceeds, each succeed- 
ing portion to solidify is richer in tin. 
The resulting metal has a characteristic 
dendritic or tree-like structure. The 
grains are composed of a yellow matrix 
of tin in copper and an imbedded gray- 
ish blue eutectoid. This eutectoid is 
brittle and, in contrast to the more duc- 
tile matrix, is high in tin content. 


B60 B61 





Steam 
—sCiBrronzee_ 

1928 1928 

38,000 34,000 

22 22 

86 to 89 86.5 

7.3: Ti 5.5 to 6.5 

1.5 to 4.5 ; 2 to 5 
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Valve 4 (700°F.) x 


Fig. 3—Macrographs indicating the gradation of eutectoid formation in valve ma- 


terials exposed to service temperatures for 14 years. Etched with NH,OH + H.0O, 


The characteristic structure of a typi- 
cal bronze of 12 per cent tin content as 
revealed in the 100° F. valve is illus- 
trated by Figure +. At 75 magnifica- 
tions its dendritic nature is very appar- 
ent. The dark areas are the copper-rich 
cores. Close inspection will disclose the 
presence in the matrix of disconnected 
angular “islands” of the tin-rich eutec- 
toid about midway between the cores. 
The distribution of the eutectoid in the 
matrix is clearly shown at 400 magni- 
fications. 

The brittle nature of the eutectoid is 
illustrated in the micrograph at 400 
magnifications (Figure 2) of the metal 
in the vicinity of the break in a stressed 
specimen from the 100° F. valve. It 
will be noted that cracks appear in the 
eutectoid only, and not in the surround- 
ing more ductile matrix. These cracks 
are parallel to each other and are per- 


pendicular to the direction of stress. The 
amount and the distribution of the 
eutectoid particles in this material are 
normal for bronze castings of this tin 
content which have not b-en expdsed to 
high temperatures. 

In a study of the effect of elevated 
temperatures upon tin bronze, Bolton ‘*? 
cxposed B60 alloy (10 per cent tin) un- 
der stress to constant temperatures of 
500°, 550°, and 600° F. for approxi- 
mately 1700 hrs. With regard to the 
lowered strength and ductility of these 
specimens, he states that the eutectoid 
“acts as an embrittling agent at elevated 
temperatures and bronzes containing this 
eutectoid should be viewed with suspi- 
cion for application at 500° F. and 
above.” He further states: ‘‘Micro- 
scopic study suggests that this embrittle- 
ment is caused by the formation and to 
some degree possibly to penetration of 
the eutectoid along the grain boundaries. 
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Valve 1 (100°F.) 
4oox 


Fig. 4—Micrographs of the valve 

materials, showing eutectoid for- 

mation. Etched with NH,OH + 
H,0, 


This condition becomes very apparent at 
600° F.” 

It would seem probable that if a 
bronze containing 10 per cent tin ex- 
hibited eutectoid formation when _ ex- 
posed to 500° F. for a comparatively 
short period, that a bronze of higher 
tin content might show similar eutectoid 
formation when exposed to a somewhat 
lower temperature for 14 years. The 
correctness of this supposition is sub- 
stantiated later in this papzr by micro- 
graphs which show the formation of 
eutectoid at grain boundaries in the 
320° F. and the 425° F. valve mate- 
rials. A definite gradation of eutectoid 
formation in relation to exposure tem- 
perature is also shown. This relation- 
ship is in agreement with the results of 
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Valve 2 (320°F. ) 
4oox 


Fig. 5—Micrographs of the valve 
materials showing eutectoid for- 


mation. Etched with NH,OH + 


U2 


the bend tests, in which the brittleness 
of the metal increased with the tem- 
perature. 

Attention is called to the macrographs 
at 8 magnifications of etched specimens 
(Figure 3), which illustrate the extent 
of the eutectoid formation at the grain 
boundaries. The metal from the 100° F. 
valve shows the dendritic structure with 
no definite grain outlines. That of the 
320° F. valve at this magnification is 
similar in appearance. The macrographs 
of the materials in the 425° F. and the 
700° F. valves exhibit a temperature 
effect which is evidenced by wide dark 
bands, either partially or completely sur- 
rounding many of the grains. That these 
bands are located at the grain boundaries 
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Valve 3 (425°R, ) 
75x 
- 


ys 





Valve 3 (425°F.) 


400x 





Fig. 6—Micrographs of the valve 

materials showing eutectoid for- 

mation. Etched with NH,OH + 
H,0, 


can be readily observed by noting the 
change in orientation of the dendrites 
at the bands. 

The micrographs at 75 and 400 mag- 
nifications show in more detail the grada- 
tion and structure of the eutectoid forma- 
tion. The 100° F. valve metal (Figure 
4) has a normal amount and distribution 
of eutectoid particles for commercial 
bronze of this tin content as cast. 

Figure 5, which represents the 320° F. 
valve, shows a slight increase in the 
eutectoid and a tendency for it to be 
continuous rather than isolated in 
“islands,” particularly at the grain 
boundaries. 

The formation of the eutectoid at the 
grain boundaries of the metal from 
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Valve 4 (700°F. ) 
4oox 


Fig. 7—Micrographs of the valve 

materials showing eutectoid for- 

mation. Etched with NH,OH + 
H,0O, 


valve 3 (425° F.) is so pronounced that 
it is visible in an etched specimen with- 
out magnification. The presence of dark 
bands at grain boundaries has been noted 
in Figure 3 at 8 magnifications. Al- 
though these bands appear solid at 8 
magnifications, examination at 400 mag- 
nifications (Figure 6) shows them to 
be straited with threads of bluish gray 
eutectoid. It appears that where the 
eutectoid formation has “‘robbed” the ad- 
jacent metal of some of its tin, it has left 
this metal relatively high in copper con- 


tent, which gives this area its dark ap- 


pearance. 
As would be expected the 700° F. 
valve contains much more embrittling 
(Continued on page 424) 
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Personnel of E. 


mittees for the administrative 

year 1939-1940 have been made 
by President Kellogg, with the excep- 
tion of the Committees under the Gen- 
eral Sales Committees whose member- 
ship will be announced in a subsequent 
issue. 

The committees which now have prac- 
tically complete personnel include the 
following: Operating; Accident Pre- 
vention; General Accounting; Classi- 
fication of Accounts; Customers’ Rela- 
tions, Commercial Accounting and Col- 
lections ; Depreciation ; Plant Accounting 
and Records; Purchasing, Stores and 
Transportation; Electrical Equipment; 
Hydraulic Power; Insurance; Prime 
Movers; Prize Awards; Rate Research; 
General Sales; Statistical ; Transmission 
and Distribution. 

Several of the committees have al- 
ready fixed dates for their fall meetings, 
as listed in the Convention and Meetings 
section of the BULLETIN, and others will 
be announced shortly. 

The personnel of the Operating Com- 
mittee is listed on the inside of the back 
cover of the BULLETIN. Personnel of 
other committees follow: 


: PPOINTMENTS to E.E.1. Com- 


ACCIDENT PREVENTION 
COMMITTEE 

Chairman, W. R. SmitH, Public Service 
Electric & Gas Co., Newark, N. J. 

Secretary, A. B. CAMPBELL, Edison 
Electric Institute, New York, N. Y. 

A. S. Bennion, Utah Power & Light 
Co., Salt Lake City, Utah. 

W. A. BucHANAN, Appalachian Elec- 
tric Power Co., Welch, W. Va. 

H. J. Burton, Consumers Power Co., 
Jackson, Mich. 

Grorce §. Dien, Pennsylvania Water 
& Power Co., Baltimore, Md. 

J. D. Exits, Northwestern Electric Co., 
Portland, Ore. 

Roy M. Gopwin, Philadelphia Electric 
Co., Philadelphia, Pa. 

J. E. Goopare, Consolidated Edison 
Co. of New York, Inc., New York, 
mY, 

E. R. Kropp, Union Electric Co. of 
Missouri, St. Louis, Mo. 

Witts Macracuian, 50 Oakwood 
Ave., Toronto, Can. 

C. N. Rakestraw, The Cleveland Elec- 


tric Illuminating Co., Cleveland, 


Ohio. 
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E. I. Committees for 1939-1940 


Epwarp C. Rue, Boston Edison Co., 
Boston, Mass. 

C. J. RuTLtanp, Texas Power & Light 
Co., Dallas, Texas. 

D. C. Srewart, Buffalo Niagara & 
Eastern Power Corp., Buffalo, N. Y. 





CLASSIFICATION OF ACCOUNTS 
COMMITTEE 

Chairman, A. M. Hartocensis, Ebasco 
Services, Inc., New York, N. Y. 

Vice-Chairman, J. H. Morre tt, Ni- 
agara Hudson Power Corp., New 
York, N. Y. 

NELson J. AMBROSE, Stone & Webster 
Service Corp., New York, N. Y. 

R. B. Boye, Texas Electric Service 
Co., Fort Worth, Texas. 

R. B. Curran, The Connecticut Power 
Co., New London, Conn. 

J. W. GLenpvENING, The Common- 
wealth & Southern Corp., New York, 
N. Y. 

N. W. HaicuHt, Columbia Engineering 
Corp., New York, N. Y. 

Ernest §. LANNING, Public Service 
Electric & Gas Co., Newark, N. J. 
M. J. Miey, Consolidated Edison Co. 

of New York, Inc., New York, N. Y. 

FRANK J. Moy.tan, Nebraska Power 
Co., Omaha, Neb. 

P. R. WituiaMs, Virginia Electric & 
Power Co., Richmond, Va. 





CUSTOMERS’ RELATIONS, COMMER- 
CIAL ACCOUNTING AND COLLEC.- 
TIONS COMMITTEE 
Chairman, L. A. Mayo, The Connecti- 
cut Light & Power Co., Hartford, 
Conn. . 

Vice-Chairman, JoHN A. WILLIAMS, 
Niagara Hudson Power Corp., Syra- 
cuse, N. Y. 

P. J. BRAHENEY, Minneapolis General 
Electric Co., Minneapolis, Minn. 

Kaiser E. Boyie, The Dayton Power 
& Light Co., Dayton, Ohio. 

G. A. Burrows, Consolidated Edison 
Co. of New York, Inc., New York, 
ms 

Epwarp A. DriscoL., Public Service 
Electric & Gas Co., Hoboken, N. J. 

W. D. Dyer, Boston Edison Co., Bos- 
ton, Mass. 

P. F. Gow, Kansas Gas & Electric Co., 
Wichita, Kan. 

E. N. Kewter, Philadelphia Electric 
Co., Philadelphia, Pa. 


L. M. LaForre, Wisconsin Electric 
Power Co., Milwaukee, Wis. 

R. B. Mitne, Columbia Engineering 
Corp., New York, N. Y. 

W. R. Sere, Rochester Gas & Elec- 
tric Corp., Rochester, N. Y. 

W. T. Sperry, Public Service Electric 
& Gas Co., Newark, N. J. 

H. T. Terry, Pacific Gas and Electric 
Co., San Francisco, Calif. 

QO. J..Vossprink, Union Electric Co. 
of Missouri, St. Louis, Mo. 

W. H. Warersury, American Gas & 
Electric Service Corp., New York, 
i ao # 





DEPRECIATION COMMITTEE 

Chairman, C. E. KoHLHEPP, Wisconsin 
Public Service Corp., Milwaukee, 
Wis. 

Vice-Chairman, H. L. GrurHn, Con- 
solidated Gas, Electric Light & Power 
Co., Baltimore, Md. 

H. D. ANnperson, American Gas & 
Electric Service Corp., New York, 
N. Y. 

J. H. Bisse.i, Stone & Webster Service 
Corp., Boston, Mass. 

G. H. Bourne, The Commonwealth & 
Southern Corp., New York, N. Y. 
F. J. Brett, Niagara Hudson Power 

Corp., New York, N. Y. 

J. M. Burcnuitt, American Gas & 
Electric Service Corp., New York, 
N.Y. 

W. V. BurneELL, Stone & Webster En- 
gineering Corp., New York, N. Y. 
Wa ttace B. Carr, Buffalo Niagara & 

Eastern Power Corp., Buffalo, N. Y. 

A. S. Corson, The United Gas Im- 
provement Co., Philadelphia, Pa. 

H. C. Davinson, Consolidated Edison 
Co. of New York, Inc., New York, 
N. Y. 

E. D. Dreyrus, West Penn Power 
Co., Pittsburgh, Pa. 

F. B. Fiauive, Columbia Gas & Elec- 
tric Corp., New York, N. Y. 

A. W. Hastincs, Engineers Public 
Service Co., New York, N. Y. 

FRANKLYN HeEypDECKE, Public Service 
Electric & Gas Co., Newark, N. J. 

E. W. Honeces, Pacific Gas and Electric 
Co., San Francisco, Cal. 

M. D. Hooven, Public Service Electric 
& Gas Co., Newark, N. J. 

B. L. Hurr, The Commonwealth & 
Southern Corp., New York, N. Y. 
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G. G. Jewett, Boston Edison Co., 
Boston, Mass. 

J. M. Kramarsik, The Connecticut 
Light & Power Co., Hartford, Conn. 

B. M. Lester, Oklahoma Gas & Elec- 
tric Co., Oklahoma City, Okla. 

W. C. Lane, Ebasco Services, Inc., 
New York, N. Y. 

J. H. Lossan, The Detroit Edison Co., 
Detroit, Mich. 

W. G. Mervine, American Gas & 
Electric Service Corp., New York, 
x. ¥. 

B. S. Robey, Jr., Consolidated Edison 
Co. of New York, Inc., New York, 
N. Y. 

H. W. Ross, Union Electric Co. of 
Missouri, St. Louis, Mo. 

E. C. Scospett, Rochester Gas & Elec- 
tric Corp., Rochester, N. Y. 

R. H. Smiru, The Cleveland Electric 
Illuminating Co., Cleveland, Ohio. 
G. U. Stewart, Philadelphia Electric 

Co., Philadelphia, Pa. 

Emit Uxsricut, Public Service Elec- 
tric & Gas Co., Newark, N. J. 

C. P. ZimmeErER, Ebasco Services, Inc., 
New York, N. Y. 

Guest Member, Maurice SCHARFF, 
285 Madison Avenue, New York, 
™ Es 





ELECTRICAL EQUIPMENT 
COMMITTEE 

Chairman, HK. L. WAttAu, The Cleve- 
land Electric Illuminating Co., Cleve- 
land, Ohio. 

Secretary, J. O'R. CoLtemMan, Edison 
Electric Institute, New York, N. Y. 

L. BrrcKHEaD, Consolidated Gas, Elec- 
tric Light & Power Co., Baltimore, 
Md. 

R. N. ConweE 1, Public Service Electric 
& Gas Co., Newark, N. J. 

C. A. Corney, Boston Edison Co., Bos- 
ton, Mass. 

R. P. Crippin, Ebasco Services, Inc., 
New York, N. Y. 

S. M. Dean, The Detroit Edison Co., 
Detroit, Mich. 

H. E. Dearporrr, The Dayton Power 
& Light Co., Dayton, Ohio. 

A. G. Dewars, Northern States Power 
Co., Minneapolis, Minn. 

H. W. Eates, Public Utility Engineer- 
ing & Service Corp., Chicago, III. 

E. S. Fretps, The Cincinnati Gas & 
Electric Co., Cincinnati, Ohio. 

H. S. Fircu, West Penn Power Co., 
Pittsburgh, Pa. 

E. S. Firz, Virginia Electric & Power 
Co:, Richmond, Va. 

J. H. Foorr, The Commonwealth & 
Southern Corp., Jackson, Mich. 
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H. C. Fores, Consolidated Edison Co. 
of New York, Inc., New York, N. Y. 
Lester R. GAamBLe, The Washington 
Water Power Co., Spokane, Wash. 
C. M. Git, Consolidated Edison Co. 
of New York, Inc., New York, N. Y. 
W. E. Gunpiacu, The Wisconsin 
Electric Power Co., Milwaukee, Wis. 
G. E. Hemwenreicu, Columbia Engi- 
neering Corp., Cincinnati, Ohio. 

R. T. Henry, Buffalo Niagara & East- 
ern Power Corp., Buffalo, N. Y. 

R. A. Hentz, Philadelphia Electric Co., 
Philadelphia, Pa. 

W. T. Hess, Louisiana Power & Light 
Co., New Orleans, La. 

J. CoLtemMan Jones, Florida Power & 
Light Co., Miami, Fla. 

H. J. Ktums, Rochester Gas & Electric 
Corp., Rochester, N. Y. 

F. A. Lane, American Gas & Electric 
Service Corp., New York, N. Y. 

S. J. Lispercer, Pacific Gas and Elec- 
tric Co., San Francisco, Cal. 

C. W. Mayotte, The Connecticut Val- 
ley Power Exchange, Hartford, Conn. 

G. E. QuInaANn, Puget Sound Power & 
Light Co., Seattle, Wash. 

H. B. Rosinson, Carolina Power & 
Light Co., Raleigh, N. C. 

H. J. ScHotz, The Commonwealth & 
Southern Corp., Birmingham, Ala. 
A. E. Sttver, Ebasco Services, Inc., 

New York, N. Y. 

L. M. Smirn, Alabama 
Birmingham, Ala. 

Puitip Sporn, American Gas & Elec- 
tric Service Corp., New York, N. Y. 

NICHOLAS STAHL, Pennsylvania Power 
& Light Co., Allentown, Pa. 

STANLEY STOKES, Union Electric Co. of 
Missouri, St. Louis, Mo. 

B. Van Ness, Jr., Pennsylvania Water 
& Power Co., Baltimore, Md. 

R. W. WILBRAHAM, United Engineers 
& Constructors, Inc., Philadelphia, 
Pa. 

H. B. Woop, Stone & Webster Engi- 
neering Corp., Boston, Mass. 

F. D. Wyatt, The United Light & 


Power Service Co., Kansas City, Mo. 


Power Co., 





HYDRAULIC POWER COMMITTEE 


Buffalo 
Corp., 


Chairman, E. B. STRoOwGER, 
Niagara & Eastern Power 
Buffalo, N. Y. 

R. E. ArGERSINGER, Stone & Webster 
Engineering Corp., Boston, Mass. 

A. C. CLocHer, Ebasco Services, Inc., 
New York, N. Y. 


E. H. Coturns, The Washington Water 


Power Co., Spokane, Wash. 
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AsBion Davis, Union Electric Co. of 
Missouri, St. Louis, Mo. 

W. P. Hammonp, Georgia Power Co., 
Atlanta, Ga. 

Pau.t M. LEFever, Susquehanna Elec- 
tric Co., Conowingo, Md. 

C. F. Merriam, Pennsylvania Water & 
Power Co., Baltimore, Md. 

E. L. Pererson, American Gas & Elec- 
tric Service Corp., New York, N. Y. 





INSURANCE COMMITTEE 


Chairman, J. H. NicKE.t, Philadelphia 
Electric Co., Philadelphia, Pa. 

G. L. Anprus, New Orleans Public 
Service Inc., New Orleans, La. 

A. R. Buckman, Public Service Elec- 
tric & Gas Co., Newark, N. J. 

I. M. Carpenter, Ebasco Services, 
Inc.,. New York, N. Y. 

F. H. Deckman, Columbia Engineer- 
ing Corp., Columbus, Ohio. 

Epwarp P. Durreg, Consolidated Edi- 
son Co. of New York, Inc., New 
York, N. Y. 

REGINALD M. FLemrinc, The Common- 
wealth & Southern Corp., New York, 
IN. XY. 

Witts MactacHian, 50 
Avenue, Toronto, Canada. 

Joun L. MacLeop, The Detroit Edi- 
son Co., Detroit, Mich. 

J. G. Regsg, Consolidated Gas, Electric 
Light & Power Co., Baltimore, Md. 
A. W. Retp, American Gas & Electric 
Service Corp., New York, N. Y. 


Oakwood 





PURCHASING, STORES AND TRANS. 
PORTATION COMMITTEE 
Chairman, K. C. CAMPBELL, The De- 
troit Edison Co., Detroit, Mich. 
Vice-Chairman, G. McDovucatt, Con- 
solidated Edison Co. of New York, 

Inc., New York, N. Y. 

E. S. Brock, Fublic Service Electric 
& Gas Co., Newark, N. f. 

R. H. Crark, Consolidated Edison Co. 
of New York, Inc., New York, N. Y. 

R. N. Dowutnc, New Orleans Public 
Service Inc., New Orleans, La. 

J. A. Herutny, Boston Edison Co., 
Boston, Mass. 
J. Kroun, Consolidated Edison Co. of 
New York, Inc., New York, N. Y. 
W. P. McAro te, Ebasco Services, Inc., 
New York, N. Y. 

J. J. McDonne Lt, Kansas City Power 
& Light Co., Kansas City, Mo. 

R. W. Serpet, Texas Electric Service 
Co., Fort Worth, Texas. 

Cart H. zurNewen, Philadelphia 
Electric Co., Philadelphia, Pa. 
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GENERAL SALES COMMITTEE 


Chairman, H. E. Dexter, Central 
Hudson Gas & Electric Corp., Pough- 
keepsie, N. Y. 

P. M. Atpen, Philadelphia Electric 
Co., Philadelphia, Pa. 

E. A. Brann, Buffalo Niagara & East- 
ern Power Corp., Buffalo, N. Y. 

A. A. Brown, Oklahoma Gas & Elec- 
tric Co., Oklahoma City, Okla. 

F. A. Corrin, Wisconsin Electric 
Power Co., Milwaukee, Wis. 

C. A. CoLuieR, Georgia Power Co., 
Atlanta, Ga. 

R. D. Currer, The Hartford Electric 
Light Co., Hartford, Conn. 

J. E. Daviwson, Nebraska Power Co., 

" Omaha, Neb. 

D. M. DeBarp, Stone & Webster Ser- 
vice Corp., New York, N. Y. 

F. §. Dewey, The Cincinnati Gas & 
Electric Co., Cincinnati, Ohio. 

L. L. Epcar, Boston Edison Co., Bos- 
ton, Mass. 

R. E. Fisuer, Pacific Gas and Electric 
Co., San Francisco, Cal. 

R. H. Fire, Ebasco Services, Inc., New 
rote, IN.. 1 

H. J. GALLAGHER, Consumers Power 
Co., Jackson, Mich. 

E. W. Gray, Oklahoma Gas & Electric 
Co., Oklahoma City, Okla. 

E. F. Jerre, Consolidated Edison Co. 
of New York, Inc., New York, N. Y. 

G. C. Kine, Brockton Edison Co., 
Brockton, Mass. 

C. E. Micuet, Union Electric Co. of 
Missouri, St. Louis, Mo. 

G. E. Mriter, The Cleveland Electric 
Illuminating Co., Cleveland, Ohio. 
J. E. MuELLeErR, West Penn Power Co., 

Pittsburgh, Pa. 

J. E. Nortu, The Cleveland Electric 
Illuminating Co., Cleveland, Ohio. 

J. F. Porter, Jr., Kansas City Power 
& Light Co., Kansas City, Mo. 

P. H. Powers, West Penn Power Co., 
Pittsburgh, Pa. 

C. H. Purpy, Consumers Power Co., 
Jackson, Mich. 

W. H. Sammis, The Commonwealth & 
Southern Corp., Jackson, Mich. 

H. M. Sawyer, American Gas & Elec- 
tric Service Co., New York, N. Y. 
M. E. Skinner, Buffalo Niagara & 

Eastern Power Corp., Buffalo, N. Y. 

H. P. J. Sremnmetz, Public Service 
Electric & Gas Co., Newark, N. J. 

R. H. Tittman, Consolidated Gas, 
Electric Light & Power Co., Balti- 
more, Md. 

G. E. Wuitwe tL, Philadelphia Electric 
Co., Philadelphia, Pa. 
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H. E. Younc, Northern States Power 
Co., Minneapolis, Minn. 





GENERAL ACCOUNTING 
COMMITTEE 

Chairman, B. S. Roprey, Jr., Consoli- 
dated Edison Co. of New York, Inc., 
New York, N. Y. 

Vice-Chairman, G. H. Bourne, The 
Commonwealth & Southern Corp., 
New York, N. Y. 

Vice-Chairman, J. M. KRAMARSIK, The 
Connecticut Light & Power Co., 
Hartford, Conn. 

H. D. ANperson, American Gas & 
Electric Service Corp., New York, 
N.Y: 

J. H. BissEix, Stone & Webster Service 
Corp., Boston, Mass. 

F. J. Bretr, Niagara Hudson Power 
Corp., New York, N. Y. 

K. C. CAMPBELL, The Detroit Edison 
Co., Detroit, Mich. 

J. V. Cieary, Consolidated Edison Co. 
New York, Inc., New York, N. Y. 

A. S. Corson, The United Gas Im- 
provement Co., Philadelphia, Pa. 

H. C. Davipson, Consolidated Edison 
Co. of New York, Inc., New York, 
N. Y. 

F. B. FLanive, Columbia Gas & Elec- 
tric Corp., New York, N. Y. 

H. L. Grueun, Consolidated Gas, 
Electric Light & Power Co., Balti- 
more, Md. 

A. M. Harrtocensis, Ebasco Services, 
Inc., New York, N. Y. 

FRANKLYN HeEypeEcKE, Public Service 
Electric & Gas Co., Newark, N. J. 
C. E. KouHLHepp, Wisconsin Public 

Service Corp., Milwaukee, Wis. 

B. M. Lester, Oklahoma Gas & Elec- 
tric Co., Oklahoma City, Okla. 

J. H. Lopsan, The Detroit Edison Co., 
Detroit, Mich. . 

G. McDovuca tt, Consolidated Edison 
Co. of New York, Inc., New York, 
N. Y. 

L. A. Mayo, The Connecticut Light & 
Power Co., Hartford, Conn. 

J. H. Morretzt, Niagara Hudson 
Power Corp., New York, N. Y. 

R. H. Smiru, The Cleveland Electric 
Illuminating Co., Cleveland, Ohio. 
G. U. Srewart, Philadelphia Electric 

Co., Philadelphia, Pa. 

H. P. Taytor, Wisconsin Public Ser- 
vice Corp., Milwaukee, Wis. 

J. A. Witurams, Niagara Hudson 
Power Corp., Syracuse, N. Y. 

C. P. ZimmeEreErR, Ebasco Services, Inc., 
New York, N. Y. 
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METERS AND SERVICES 
COMMITTEE 

Chairman, A. B. Craic, Boston Edison 
Co., Boston, Mass. 

A. S. ALBRIGHT, The Detroit Edison 
Co., Detroit, Mich. 

A. J. ALLEN, Consolidated Edison Co. 
of New York, Inc., New York, N. Y. 

H. A. Brown, Rochester Gas & Elec- 
tric Corp., Rochester, N. Y. 

H. A. Howery, Kansas City Power & 
Light Co., Kansas City, Mo. 

J. C. Lancpett, The Commonwealth 
& Southern Corp., Jackson, Mich. 

E. E. Kutne, The Cincinnati Gas & 
Electric Co., Cincinnati, Ohio. 

E. A. LeFerver, Buffalo Niagara & 
Eastern Power Corp., Buffalo, N. Y. 

L. D. Pricr, Public Service Electric & 
Gas Co., Newark, N. J. 

W. L. WapswortnH, Northern States 
Power Co., Minneapolis, Minn. 

W. C. Wacner, Philadelphia Electric 
Co., Philadelphia, Pa. 

C. F. WuiremMan, The Cleveland Elec- 
tric Illuminating Co., Cleveland, 
Ohio. 

C. F. ZIMMERMAN, American Gas & 
Electric Service Corp., New York, 
a 





PLANT ACCOUNTING AND 
RECORDS COMMITTEE 
Chairman, J. V. CLEARY, Consolidated 
Edison Co. of New York, Inc., New 

York, N. Y. 

Vice Chairman, H. P. Taylor, Wiscon- 
sin Public Service Corp., Milwaukee, 
Wis. 

S. H. Capy, Rochester Gas & Electric 
Corp., Rochester, N. Y. 

GeorGcE K. CAMPBELL, Columbia Engi- 
neering Corp., New York, N. Y. 

Max M. Cawprey, Columbia Engi- 
neering Corp., Cincinnati, Ohio. 

F. W. Cooper, Public Service Electric 
& Gas Co., Newark, N. J. 

K. B. Crump, American Gas & Electric 
Service Corp., New York, N. Y. 

A. L. Davizs, West Penn Power Co., 
Pittsburgh, Pa. 

R. E. Dennis, Consolidated Edison Co. 
of New York, Inc., New York, N. Y. 

J. U. Dient, Pennsylvania Water & 
Power Co., Baltimore, Md. 

W. H. Exspecke, The United Gas Im- 
provement Co., Fhiladelphia, Pa. 

Frep Eckstein, New Orleans Public 
Service Inc., New Orleans, La. 

H. W. Enpres, American Gas & Elec- 
tric Service Corp., New York, N. Y. 

S. L. Fercuson, The Detroit Edison 
Co., Detroit, Mich. 
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L. I. Gras, Consolidated Edison Co. of 
New York, Inc., New York, N. Y. 
H. B. Harpwick, The Commonwealth 
& Southern Corp., New York, N. Y. 

W. T. JouHnson, Montana Power Co., 
Butte, Mont. 

A. J. Kierrer, Louisville Gas & Elec- 
tric Co., Louisville, Ky. 

S. W. KitrLeMan, Arkansas Power & 
Light Co., Pine Bluff, Ark. 

A. A. LipscHutTz, Philadelphia Electric 
Co., Philadelphia, Pa. 

J. W. Mackie, Delaware Power & 
Light Co., Wilmington, Del. 

L. C. Purse, Pennsylvania Power & 
Light Co., Allentown, Pa. 

C. E. Raines, Niagara Hudson Power 
Corp., Syracuse, N. Y. 
R. F. Srumpr, Madison Gas & Electric 
Co., Madison, Wis, ' 
J. L. Sunpay, Philadelphia Electric Co., 
Philadelphia, Pa. 

G. T. SwisHer, The Potomac Edison 
Co., Frederick, Md. 

Morris Tracy, Central New York 
Power Corp., Syracuse, N. Y. 

Guest Member, GrorGE VESSELAGO, 
Day & Zimmermann, Inc., Philadel- 
phia, Pa. 


PRIZE AWARDS COMMITTEE 
Chairman, H. P. Liversipce, Philadel- 
phia Electric Co., Philadelphia, Pa. 
Secretary, Lewis B. Beatty, Philadel- 
phia Electric Co., Philadelphia, Pa. 
J. E. Davipson, Nebraska Power Co., 

Omaha, Neb. 
C. W. KeEttoce, Edison Electric Insti- 
tute, New York, N. Y. 





PRIME MOVERS COMMITTEE 


Chairman, E. L. Hoppine, Philadelphia 
Electric. Co., Philadelphia, Pa. 

W. H. Atpricnu, The Cleveland Elec- 
tric Illuminating Co., Cleveland, 
Ohio. 

‘T. B. Atvarpice, American Gas & 
Electric Service Corp., New York, 
N. Y. 

J. R. Baker, Pennsylvania Water & 
Power Co., Baltimore, Md. 

C. C. Batrzzy, Philadelphia Electric 
Co., Philadelphia, Pa. 

H. N. Boetcuer, Consolidated Gas, 
Electric Light & Power Co., Balti- 
more, Md. : 

D. S. Brown, The Cincinnati Gas & 
Electric Co., Cincinnati, Ohio. 

W. E. Catpwe tt, Consolidated Edison 
Co. of New York, Inc., New York, 
N. Y. 
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F. S. Crark, Stone & Webster Engi- 
neering Corp., Boston, Mass. 

Cuar.es W. E. Crarke, United Engi- 
neers & Constructors, Inc., Philadel- 
phia, Pa. 

E. R. Crorts, Rochester Gas & Electric 
Corp., Rochester, N. Y. 

H. M. Cusuine, Buffalo Niagara Elec- 
tric Corp., Buffalo, N. Y. 

G. C. Dantets, The Commonwealth & 
Southern Corp., Jackson, Mich. 

F. L. Dornsrook, Wisconsin Electric 
Power Co., Milwaukee, Wis. 

Dwicut Douctas, The Hartford Elec- 
tric Light Co., Hartford, Conn. 

J. M. DrasBe te, Iowa Electric Light 
& Power Co., Cedar Rapids, Iowa. 
W. C. Drummonp, Public Utility En- 
gineering & Service Corp., Chicago, 

Ill. 

M. D. ENGLE, 
Boston, Mass. 

F. P. FaircHiLp, Public’ Service Elec- 
tric & Gas Co., Newark, N. J. 

C. H. Fettows, The Detroit Edison 
Co., Detroit, Mich. 

G. D. Herrrick, Montaup Electric 
Co., Fall River, Mass. 

H. G. Hriesever, Houston Lighting & 
Power Co., Houston, Texas. 

A. T. Hutcuins, The Commonwealth 
& Southern Corp., Birmingham, Ala. 

E. T. Keck, Texas Power & Light Co., 
Dallas, Texas. 

J. A. Keeru, Kansas City Power & 
Light Co., Kansas City, Mo. 

A. H. Krauss, Ebasco Services, Inc., 
New York, N. Y. 

E. H. Kriec, American Gas & Electric 
Service Corp., New York, N. Y. 

D. C. Luce, Public Service Electric & 
Gas Co., Newark, N. J. 

J. M. MacKenziz, Consumers Power 
Co., Jackson, Mich. 

H. C. Miuer, Public Service Electric 
& Gas Co., Irvington, N. J. 

J. F. Muir, American Water Works & 
Electric Co., New York, N. Y. 

A. R. Parker, Columbia Engineering 
Corp., Cincinnati, Ohio. 

R. C. Powe t, Pacific Gas and Electric 
Co., San Francisco, Cal. 

H. R. Searinc, Consolidated Edison 
Co. of New York, Inc., New York, 
N.. ¥. 

G. C. Sears, Puget Sound Power & 
Light Co., Seattle, Wash. 

G. T. SHoemMaker, The United Light 
& Power Service Co., Chicago, III. 
G. W. SmiruH, San Antonio Fublic 

Service Co., San Antonio, Texas. 

M. F. Strack, Ebasco Services, Inc., 

New York, N. Y. 


Boston Edison Co., 
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E. H. Tenney, Union Electric Co. of 
Missouri, St. Louis, Mo. 

Rosert M. VanDuzer, Jr., The De- 
troit Edison Co., Detroit, Mich. 





RATE RESEARCH COMMITTEE 

Chairman, F. A. Newton, The Com- 
monwealth & Southern Corp., New 
York, N. Y. 

H. H. Aces, Public Service Electric & 
Gas Co., Newark, N. J. 

S. W. Anprews, American Gas & Elec- 
tric Co., New York, N. Y. 

B. B. Beckett, Pacific Gas and Electric 
Co., San Francisco, Cal. 

R. D. Cutter, The Hartford Electric 
Light Co., Hartford, Conn. 

E. D. DreyFrus, West Penn Power Co., 
Pittsburgh, Pa. 

C. G. EicHELpercer, The Cincinnati 
Gas & Electric Co., Cincinnati, Ohio. 

L. $. GoopMaAN, Boston Edison Co., 
Boston, Mass. 

Donatp A. Henry, Stone & Webster 
Service Corp., New York, N. Y. 

J. T. Kimsa.t, Niagara Hudson Power 
Corp., Buffalo, N. Y. 

L. R. Lerrerson, Ebasco Services, Inc., 
New York, N. Y. 

R. T. Livincston, Long Island Light- 
ing Co., Mineola, N. Y. 

L. R. Nasu, 155 Main St., Ridgefield, 
Conn. 

C. E. Nem, The Cleveland Electric 
Illuminating Co. (60 Broadway), 
New York, N. Y. 

H. H. PLranx, The United Gas Im- 
provement Co., Philadelphia, Pa. 
Harry Snow, The Detroit Edison Co., 

Detroit, Mich. 

E. N. Strait, Public Utility Engineer- 
ing & Service Corp., Chicago, III. 

F. M. Terry, Consolidated Edison Co. 
of New York, Inc., New York, N. Y. 





STATISTICAL COMMITTEE 
Chairman, (To be announced). 
Dewey G. Baker, Nebraska Power 

Co., Omaha, Neb. 

W. G. Bourne, Jr., The Common- 
wealth & Southern Corp., New York, 
N. Y. 

W. I. Brown, The United Light & 
Power Service Co., Chicago, III. 

C. D. Hamuin, Niagara Hudson 
Power Corp., New York, N. Y. 
Atan W. Hastinos, Engineers Public 

Service Co., New York, N. Y. 

C. R. Lanprican, The Detroit Edison 
Co., Detroit, Mich. 

W. N. Lewis, Ebasco Services, Inc., 
New York, N. Y. 
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Lyte McDona_p, Public Service Elec- 
tric & Gas Co., Newark, N. J. 

Winsor Martin, Public Utility En- 
gineering & Service. Corp., Chicago, 
Ill. 

W. T. Neet, Philadelphia Electric Co., 
Philadelphia, Pa. 

D. M. Taytor, Consolidated Edison 
Co. of New York, Inc., New York, 
N. Y. 

W. G. Vincent, Pacific Gas and Elec- 
tric Co., San Francisco, Cal. 

C. L. Waiinc, American Gas & Elec- 
tric Service Corp., New York, N. Y. 





TRANSMISSION AND DISTRIBUTION 
COMMITTEE 


Chairman, W. F. Nimmo, Virginia 
Electric & Power Co., Richmond, Va. 

Secretary, A. B. CAMPBELL, Edison 
Electric Institute, New York, N. Y. 

H. E. Braunic, Gulf States Utilities 
Co., Beaumont, Texas. 

G. W. Bean, Texas Electric Service 
Co., Fort Worth, Texas. 

E. S. Bunpy, Buffalo Niagara & East- 
ern Power Corp., Buffalo, N. Y. 

D. M. Bunn, Northern States Power 
Co., Minneapolis, Minn. 

A. G. Carson, Wisconsin Public Ser- 
vice Corp., Green Bay, Wis. 

C. C. CorneLius, Kansas City Power 
& Light Co., Kansas City, Mo. 

R. R. Cowtes, Pacific Gas and Electric 
Co., San Francisco, Cal. 

M. T. Crawrorp, Puget Sound Fower 
& Light Co., Seattle, Wash. 

R. F. Danner, Oklahoma Gas & Elec- 
tric Co., Oklahoma City, Okla. 

W. F. Davipson, Consolidated Edison 
Co. of New York, Inc., New York, 
N. Y. 

Merritt DeMe_rit, West Penn Power 
Co., Pittsburgh, Pa. 

C. A. Doucuerty, Pennsylvania Edi- 
son Co., Altoona, Pa. 

H. A. Enos, American Gas & Electric 
Service Corp., New York, N. Y. 

G. H. Fiepier, Rochester Gas & Elec- 
tric Corp., Rochester, N. Y. 

C. W. FranKLin, Consolidated Edison 
Co. of New York, Inc., New York, 
8 

W. E. Gunp.acu, Wisconsin Electric 
Power Co., Milwaukee, Wis. 

T. H. Haines, Boston Edison Co., Bos- 
ton, Mass. 

Epwin Hansson, Pennsylvania Water 
& Power Co., Baltimore, Md. 

M. D. Hooven, Public Service Electric 
& Gas Co., Newark, N. J. 

J. P. Jottyman, Pacific Gas and Elec- 
tric Co., San Francisco, Cal. 

H. W. Ketter, Columbia Engineering 
Corp., Cincinnati, Ohio. 
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F. A. Kenpic, The Dayton Power & 
Light Co., Dayton, Ohio. 

C. H. Krart, Union Electric Co. of 
Missouri, St. Louis, Mo. 

L. L. Newman, New Orleans Fublic 
Service Inc., New Orleans, La. 

C. W. Mrnarp, Nebraska Power Co., 
Omaha, Nebr. 

E. W. O&sTerrEICH, Duquesne Light 
Co., Pittsburgh, Pa. 

J. J. Pokorny, The Cleveland Electric 
Illuminating Co., Cleveland, Ohio. 
B. C. Russett, Idaho Power Co., 

Boise, Idaho. 

E. V. Saytes, The Commonwealth & 
Southern Corp., Jackson, Mich. 

H. P. Seetye, The Detroit Edison Co., 
Detroit, Mich. 

A. E. Sitver, Ebasco Services, Inc., 
New York, N. Y. 

C. T. Srncrair, Duquesne Light Co., 
Pittsburgh, Pa. 

L. G. Smritru, Consolidated Gas, Elec- 
tric Light & Power Co., Baltimore, 
Md. 

NICHOLAS STAHL, Fennsylvania Power 
& Light Co., Allentown, Pa. 

P. B. Stewart, The Cincinnati Gas & 
Electric Co., Cincinnati, Ohio. 

R. O. SUTHERLAND, The United Light 
& Power Service Co., Chicago, III. 
G. S$. VANANTWeERP, Philadelphia Elec- 

tric Co., Philadelphia, Pa. 

C. V. Wappincton, Kansas Gas & 
Electric Co., Wichita, Kan. 

J. S. Ware, Public Service Electric & 
Gas Co., Newark, N. J. 





Inductive Coordination 
(Continued from page 400) 
neutral case. (This partially explains 
why the influence may go down when 
a uni-grounded neutral system is con- 
verted to a multi-grounded neutral sys- 

tem. ) 

This is a very much simplified *expla- 
nation of what actually happens on a 
rural circuit but it does bring out one 
of the very important principles. The 
actual case is usually much more com- 
plex since it involves three-phase as 
well as single-phase circuits; loads may 
have some effect, but, perhaps most im- 
portant of all, propagation and resonance 
effects may occur. The complete story of 
these effects is too long to be included 
here and anyone interested should go to 
the more extensive literature on the 
subject? 2, 

It may be pointed out, however, that 
for the longer rural circuits, the correct 
representation requires a number of ele- 
ments like those in Figs. 2 and 3 in 
series and that for such a condition the 
inductances and capacitances may be- 
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come resonant at some particular fre- 
quency, with a relatively large increase 
in the magnitude of the voltage or cur- 
rent or both at that frequency. Also, 
the capacitances of the line and the in- 
ductance of the supply transformers may 
become resonant at some particular fre- 
quency with similar effects. 
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Blossom Appointed Secretary 
of Indiana Association 
E. BLOSSOM of _ Indianapolis 
e has been appointed to the newly 
created full-time secretaryship of the In- 
diana Electric Association by C. B. Cal- 
vert, association president. 

Mr. Blossom will make his head- 
quarters in the Traction Terminal 
Building, Indianapolis, but his work 
will take him to all parts of the state 
in which members of the association sup- 
ply electric service. 

Previous to his appointment as secre- 
tary, Mr. Blossom had been manager 
of radio station WFBM and was mer- 
chandise manager of the Indianapolis 
Power and Light Company from 1932 
until 1937, also handling the company’s 
advertising for more than four years. 
He was engaged in sales promotion and 
organization work prior to joining the 
Indianapolis company, having been with 
the Prest-O-Lite Company, Inc., from 
1909 until 1925. 
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Federal Control of Utilities 
(Continued from page 382) 


revenues were reduced by the amount of 
the so-called overcharge, then not only 
could no interest or dividends be paid, 
but operating expenses would have 
to be reduced materially to make ends 
meet. This reduction would have to 
come out of wages, since the cost of 
taxes and fuel are not subject to control. 

It is indeed surprising that with such 
unimpeachable evidence at hand there 
are still some people who believe the 
absurd statements of Congressman Ran- 
kin that charges above the TVA rates 
constitute robbery; and because of such 
belief continue to advocate the entry of 
municipalities into the field of providing 
electric service. 


News from MKB 


(Continued from page. 392) 


listed among the prize winners in these 
contests. Five additional awards of $5 
each were made. 

This contest was the second in the 
series of four conducted by the Bureau 
this year. Only requirement for entry is 
a letter on the subject “How I Sell Elec- 
tric Water Heaters.” It is open both to 
utility and dealer salesmen of electric 
water heaters. 

The Bureau’s contest for window dis- 
plays of electric water heaters which 
ended June 30 went to Atlantic City 
Electric Company at Bridgeton, New 
Jersey, the accompanying $100 award 
going to I. C. Dixon. The second prize 
of $50 went to N. A. Zanzig, Wiscon- 
sin-Michigan Power Company, Apple- 
ton, Wisconsin. 

The Bureau’s “Scotch Eskimo” cam- 
paign for electric refrigeration, used suc- 
cessfully by more than fifty utility com- 
panies since the first of January, will be 
continued throughout the remainder of 
the year. Companies that have used it 
have reported gratifying consumer inter- 
est and sales increases. 

The Bureau’s national cooperative 
campaign for electric roasters, launched 
last spring, also continues throughout the 
year. It will be reinforced this fall with 
intensive magazine advertising during 
the peak sales months in McCall's, W o- 
man’s Home Companion and Saturday 
Evening Post. A big Thanksgiving aad 
Christmas promotion is planned, with 
full-page two-color advertisements in 
Saturday Evening Post as the climax. 

All of the materials for these five pro- 
grams are now available for distribution. 


EDISON ELECTRIC INSTITUTE BULLETIN 


August, 19 ; 








CONVENTIONS AND MEETINGS 


AUGUST 
Illuminating Engineering Society, Hotel Fairmont, San Francisco, Cal. 
National Association of Railroad and Utilities Commissioners, Seattle, Wash. 


Maryland Utilities Association, George Washington Hotel, Ocean City, Md. 


SEPTEMBER 
Pennsylvania Electric Association, Bedford Springs Hotel, Bedford Springs, Pa. 
Rocky Mountain Electric League, Estes Park, Colo. 
General Sales Committee, EEI Headquarters, New York, N. Y. 
Rural Sales Conference, Hay Loft, Electrified Farm, World’s Fair, N. Y. 


Wisconsin Utilities Association, Accounting Section, Plankington Hotel, Mil- 
waukee, Wis. 


Indiana Electric Association, French Lick Springs, Ind. 


OCTOBER 
Prime Movers Committee, EEI, 420 Lexington Avenue, New York, N. Y. 
National Restaurant Association, Chicago, III. 
Third Annual Conference, Commercial Electric Cooking Council, Chicago, IIl. 
Electrical Equipment Committee, E. E. I.. New Ocean House, Swampscott, Mass. 
American Gas Association, New York City, N. Y. 


National Electrical Contractors Association, Bellevue-Stratford Hotel, Phila- 
delphia, Pa. 


Transmission and Distribution Committee, EEI, New Ocean House, Swamp- 
scott, Mass. 


National Safety Council, Atlantic City, N. J. 


Empire State Gas and Electric Association, Westchester Country Club, West- 
chester, N. 


National Electrical Manufacturers Association, Palmer House, Chicago, III. 


NOVEMBER 


Wisconsin Utilities Association, Electric, Commercial and Technical Divisions, 
Schroeder Hotel, Milwaukee, Wis. 


Third National Accounting Conference, Edgewater Beach Hotel, Chicago, III. 


DECEMBER 
Prime Movers Committee, EEI, Philadelphia, Pa. 


American Society of Mechanical Engineers, Philadelphia, Pa. 


FEBRUARY 
Prime Movers Committee, EEI, Detroit, Mich. 
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Requests should be sent to The Modern 
Kitchen Bureau, 420 Lexington Avenue, 
New York, N. Y. 


Effect of Temperature 
(Continued from page 418) 


constituent than the 425° F. valve. Fig- 
ure 7 shows the eutectoid to be not only 
especially prominent at the grain bound- 
aries but also more extensive and inter- 
connected in the high tin areas between 
the branches of the dendrites. 

The micrographs clearly show the ef- 
fect of prolonged exposure throughout 
the temperature range from 100 to 


700° F. on the formation of eutectoid, 
to which the brittleness of the material 
is attributed. It is concluded from this 
investigation that bronze is affected im 
its structural and physical properties by! 
exposure to elevated temperatures. The 
influence of the time factor on bronze 
should be given consideration in estab} 
lishing a safe limit for tin content of 
bronze to be used at various tempera- 
tures. 
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